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This memorandum describes a set of practical, systematic procedures for estab-
lishing efficient base and depot stock levels for low priced Air Force parts,
Categories II and III. The use of such procedures should make it possible to
reduce the work load on supply personnel and to increase supply effectiveness
by cutting reorder requirements and supply shortages. The procedures can be
used in manual dats processing at base level, and also with integrated data
processing and centrally controlled resupply.

Under the procedures for base stocking outlined in Aix Force Supply Manual 67-1
the Order Quantity ie based on demand rate and cost category; and the Reorder
Level is determined by taking into account demand rate and pipeline time.

The procedures outlined here take into account several additional factors in
an effort to reduce overall provisioning costs. The factors include expected
mean demand for each item, variability of demend, unit value of item, vari-
ability of demand, cost of reorder, cost of holding Operating Stocks, cost
of obsolescence in event of program termination, expected shortege cost, and
resupply and procurement pipeline times.

Equations are developed for determining efficient stock levels, taking these
factors into account. Tables devised from these equations can be used by
clerical personnel to determine stock levels without complicated procedures
and decision processes; the equations may be used in an integrated dats
processing system.

The suggested procedures have been compared with those of Supply Manual 67-1
through tests by regular Air Force supply personnel in the RAND Logistics
Leboratory. Results bear out the improved efficiency of the new practices
suggested here. (Actually, provisioning has for some time been undergoing
changes not reflected in "67-1" and to some extent already take into account
some of the features of the suggested system. )

Briefings on this study have been presented to AMC and to members of the Air
staff during recent months.
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SUMMARY

This Research Memorandum presents for Air Force consideration some sime

ple and practical proposals for stocking - that is, provisioning and distrib-

uting - those items for which detailed intensive management is not appropriate,

for example, Cost Category II and III items, These policles are complementary

to deferred procurement policies for some Category I {tems.l While either

could be implemented alone, together they would provide increased supply ef-

fectiveness and economy through buying fewer costly parts and investing some

of the saving in base stocks of cheap items., They would entall more manage=-

ment and closer control of the expensive parts, but decreased materiel move-

ment, paper processing and priority resupply of the low-cost parts,

The research underlying this Memorandum leads to the following con-

clusionss

A, Stockage rules should consider:

1.
2.
3.
b
5.
6.

Expected mean demand for each item
Variability of demand

Unit value

Cost of incurring a reorder

Cost of holding the Operating Stocks

Cost of expected terminal obsolescence (termination of the pro-
gram being supported)

Expected shortage cost

Resupply and procurement pipeline times,

1

Jo. W, Petersen, Savings from Procurement Deferral with Interim Con-
tractor Support: The Case of High Value Airframe Spares, The RAND Corpor-

ation Research lMemorandum RM-2085, 10 January 1958,
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B. The dgnamics of weapon-system or other program phase-in or phase-out

can be taken into account effectively by

1. Iimited depot stockage during the early part of a program, and
subsequently stocking the depot to its full Stock Control Level

2, Gathering and analyzing consumption data intensively early in
the phase-in and reacting to that information

3, Using a "final buy" calculation during the later stages of the
program and,for some of the least costly low-demand items,early
in the program; and

Ly Using a "terminal buy" calculation at the time when an item is
expected to go out of production,

C. With an integrated data processing system, theses results can be
largely achieved by using the eguations developed in the mathematical appen-
dix. With a manual data processing system and local determination of levels,
tables based upon the formulas can be used by clerical personnel to set the
appropriate levels.

D. The Air Force can increase supply effectiveness, decrease personnel
pressures in supply and achieve dollar economies by adopting the policies
described and proposed in this Memorandum.

E. Because the proposed policies permit reduced management per line
item, their use should free management to manage the more costly and eritical
items better, or, alternatively, it might permit reducing somewhat base-level
manning where (as in hardened missile installations) there is a premium on
personnel space.

F. Further research is needed at RAND to extend the scope of the study,
and further developmental studies are required, particularly in the Air Force,
to derive adequate estimates of cost and other parameters.

G. The rapid development of an integrated data processing system will

improve the application of these as well as other supply policies.
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This Memorandum is concerned with aircraft parts and other technical
items, not necessarily with quartermaster or bulk items. Inasmuch as we
do not yet have formal solutions for certain of the reparable items, the
policies described cover nonreparables and, when applied to base stockage,
parts repaired at the depot. Some significant error would result if parts
repaired on the base were stocked at the base in accordance with these rules,
Similarly, for determining depot stock levels, parts repaired at the depot
should not be stocked as described below, Hence, this Memorandum applies
without modification to virtually all Category III items and to the non-
recoverable Category II items,

The study covers the question of how much to stock of line items for
which the decision has already been made that they be brought into the in-
ventory, It covers, then, the depth of stockage, but not the breadth or
range of items that should be stocked, This range problem is an important
one, on which work is under way,

In studying this problem, the aim has been to develop policies which
would result in near-minimum system cost and still be practical, The ap-
proach is to consider each item as independent of the others in the inven-
tory. First the base levels, then the depot levels are determined; for each,
the Order Quantity (Q), which establishes the amount of the Operating Stocks,
then the Reorder Point (R), which establishes the amount of the Safety and
Pipeline Stocks, are determined, Together Q plus R, of course, constitute
the Stock Control Level (SCL).

For any given annual demand rate, the size of Q fixes the average fre-
qﬁeney with which orders must be placed as well as the size of the Operating

Stocks, The more frequent the reorders, the greater the supply workload and
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the greater its cost, Since Category II and III parts account for as much as
99 percent of the depot-to-base issues, it is desirable to have infrequent
orders for each line item, Thisrequires a relatively large Order Quantity,
and a relatively large investment in Operating Stocks. Therefore, the high-
er the price of the item the smaller Q should be. The proposed policles bal-
ance the cost of holding an item against the cost of frequent reorders.

The Reorder Point establishes the level of the Safety and Pipeline Stocks
which serve to provide protection during the resupply cycle. In deter-
mining R, account is taken not only of the demand rate but also of the var-
iability in demand, considering whatever is known about the probability as-
pects of demand for groups of parts. Pipeline time is also considered ~ the
longer it is, the larger the Safety and Pipeline Stocks should be because of
the greater risk of a shortage during the pipeline time, Given the demand
rate, the Order Quantity determines how frequently the Safety and Pipeline
Stock is dipped into and, therefore, how frequently the risk of a shortage
is run,

In addition, the shortage cost, i.e., the expected cost tothe Air Force
of overcoming a shortage, is considered. The minimum cost of a shortage ap-
pears to be the cost of priority actions. To this minimum should be-added,
in some circumstances, such costs as that of local manufacture, the cost of
keeping a higher assembly on hand, or even the cost of maintaining an extra
aircraft (or missile) to substitute for an AOCP (or MOCP) caused by a short-
age.

The higher the demand, the more frequent the orders, the longer the
pipeline time, and the greater the shortage cost, the higher the economical

Reorder Point., Against this must be balanced the investment cost. The higher
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the unit cost and the higher the cost of keseping items, the lower the Reorder
Point should be.
These, then, are the factors considered in determining the Order Quantity
and the Reorder Point:
Order Quantit; Reorder Point
Demand Rate Demand Rate
e L
Reorder Cost Keeping Cost
Pipeline Time
Order Quantity
Equations have been developed to take these factors into account with a good
approximation of a theoretically ideal solution. From these equations , tables
such as that in Figure 1 are developed. Such tables are proposed for use at
base level. With them, complex procedures could be avoided, but full advan=
tage could be taken of the relatively complete and efficient decision rules
underlying them.
In Figure 1 the demand rate is shown across the top, increasing from
left to right. The price is shown increasing from top to bottom. As demand
increases, Reorder Points and Order Quantities increase. On the other hand,
as the price increases both fall. For the very high-priced items in Category II,
the Reorder Points and Order Quantities are very small. Some large Stock
Control Levels appear in the upper left corner of the chart. These figures
can readily be rounded to dozens or dollars! worth, to unit pack, or any other
convenient unit.
In stocking a base initially for a new weapon, the Stock Control Level
would be placed at the base. By stocking several years! supply of the chemp

low~demand parts, the danger of a shortage is nearly eliminated, and the

chance of having to incur the reorder cost during the program is made small,
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Tables could be prepared at some central point, using either manual

or computer methods, and distributed to the bases. Alternatively, such

tables could be used by, say, a Weapon System Supply Manager to set the

H#17

Order Quantities and Reorder Points directly. With integrated data processing,

240 | 272

the levels could be determined by the Data Processing Center, following the

equations upon which such tables are based.

259 | 277 | 295

210
365 |39/

To be practical, these policies must handle phase-in and phase-out.

For common parts the phase of life of any particular weapon is relatively

204
Reorder Point
Order Quantity

unimportant, but stockage of parts peculiar to a weapon should, of course,

50—Dollar shortage cost

5-Year program
30-Day pipeline

R
Q

reflect its program. For individual bases, where the transition to a new

weapon is relatively abrupt, no change in the decision rules is required.

5

237 [262 | 288
167 | 186

As the end of a program approaches at any base, the Order Quantity should

be adjusted to support the expected remaining life of the program; a down-

124

ward adjustment is typically called for.

Given the base stockage rules which handle stock distribution, the

79

Fig.1 —Base stock levels

depot-stockage and, hence, requirements rules are developed. The same

[

factors are used as in base stockage; but some of the terms have somewhat

different meanings in the depot case. For a long stable program the

principles of base and depot stockage are very similar, but the dynamics

r

of phase-in and phase-out have much greater impact upon the depot than upon
the base.

During the phase-in, the depot must support a growing program with

Annual demand

125.00—

little demand experience for individual parts. For many items the bases

will have several years' stocks from the beginning. If the phase-in is

Unit price

gradual and the procurement leadtime is short, it may be possible for the

depot to take advantage of this situation and stock little more than its
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Reorder Points, waiting until it has had demands from the bases and experience
with the program before bringing its stocks up to their Stock Control Levels.
Computations have been developed, adjusting depot Order Quantities and Re-
order Points as the phase-out approaches, to take account of the termination
of production of peculiar parts and the declining demand for them.

The proposed policies appear to provide close to optimal solutions to
the system stockage problems. They constitute consistent distribution and
requirements rules which are practical within the present data processing
system and organization and which can be applied with little modification
in an integrated data processing system. They appear to take into account
all of the major relevant factors. But, what evidence is there that they
will work in fact?

In the first experiment in the Logistics System Laboratory (LP-1) the
results of applying these policies were compared with the results of applying
a set of policies which Air Force members of the Laboratory staff developed
as an approximation to the current best practice in the Air Force. In
general, the proposed policies for 1ow and medium value parts compared
extremely favorably. This comparison took account of complete base and depot
stockage policies, i.e., distribution and requirements in a dynamic situation
in which readiness to fight a simulated war was demanded of both systems.

The proposed policies resulted in far fewer AOCP's, slightly fewer
ANFE's, and less than 10 per cent as many priority actions as did the alter-
native system. Further, they cost less in terms of supply workload.

To conclude this summary statement, this Memorandum presents policies
for stocking nonrecoverable items at base and depot level. Their application
promises substantial economies in dollars and in personnel and, particularly,

large improvement in the effectiveness of the supply support of the combat

forces.

FOREWORD

This Research Memorandum covers the setting of base and depot levels for
items which the activity in question does not repair. The setting of levels
for items which the activity in question does repair includes much of the
formulation discussed here but requires the application of some additional
principles,

The methods described here were developed principally by A. J. Clark and
the authors and are extensions, corrections, and simplifications of the pro-
cedures described by E. B, Berman and Clark in An Optimal Inventory Policy for
a Military Organization (The RAND Corporation Paper P-647, 30 March 1955),

and by Clark in A Technique for Optimal Distribution of Available Stocks to

Bases (The RAND Corporation Research Memorandum RM-1621, 30 January 1956)

The extension to the short-program case has been simplified by comparison
with the results of unpublished studies by H. W. Karr, using a dynamic pro-
graming model for procurement decisions,

These policies have formed a major portion of the first project in the

RAND Logistics Systems Laboratory (LP-1).
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I. INTRODUCTION

A.  Scope and Approach
There is at present a great deal of interest in the Air Force and else-

where in the defense establishment in improving the management of the costly

Base Stock Levels o« o o o o o o o o o o o o
Some Definitions o o o o o o ¢ o o ¢ o o &

Base Level Demand Pattern for a Gaskeb. o : : : inventories of spare parts, Hi-Valu and Lo=-Valu programs are now under way
& ~In Tor Same.
gﬁﬁ? (Zﬁenr?zz S;;cks on Hand and Due-In For Same in the Air Materiel Command, and Headquarters USAF has initiated a Supply
ﬁ::::i gi:ﬁri?ugizgdgiizz : : : : : : : : : : : : Improvement Program, RAND has done research in this general area for some
Lo o 00 0 f
g::rgel:izﬁz:’U}r{xgidl?;gcgogzdﬁgisTgizlEtczZ:ondcal O;der years.l The present study, dealing with those items for which detailed line-
g::ztr:\;:anés.o; t.,h; ér;t;c;,i;n-l’x"o\.liéec.i éy't};e.ﬂﬁh. ’ i item management is not appropriate, is complemented by the work on deferred
Unit in the Reorder Point « « o o o o o o o o o o o o 3 . 2
Determination of the Economical Reorder Point « « o o i procurement of Hi-Valu items,
Supply Cost Implications of Proposed Versus mos6n .
Pol:Lz:ie:I........_.....fP ] i
i;g%z E{:ﬁﬁgigenm lmplz.cation? (_) . x-‘ol.mfe. .ez.'s?s. missiles must be firmed up in the near future, Similarly, the development

PR A Policies for the provisioning and distribution of support for the major
of electronic Data Processing Centers in the Air Materiel Command may present
an especially good opportunity for introducing new policies over the next few
years, Specifically, within the next year the ELECTRO LOGS Project at Okla-
homa City Air Materlel Area may be in a position to introduce some of these
policies after the completion of operational testing and evaluation of the
Inventory-Control phase,

This paper presents simple and practical provisioning and distribution
calculations for items which do not justify detailed management, such as

Category III and nonrecoverable Category II parts,

1 R. B, McNeill, E, B, Berman, A. J. Clark, H, W. Nelson, A Proposal for
& New Air Force Supply Procedure, The RAND Corporation Research Memorandum
RM-1417, 28 January 1955,

2 J. W. Petersen, Savinpgs from Procurement Deferral with Interim Contractor
Support: The Case of High Value Airframe Spares, The RAND Corporation Research
Memorandum RM-2085, 10 January 1958,
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characteristics of a practical method are:
It can deal with the uncertain and erratic demands, characteristic
of the supply system.

It has reasonable data requirements.

It is compatible with the present manual and punched-card
data-processing practice with local determination of stock
levels, but it is also compatible with integrated data-
processing and centrally-controlled resupply; it should
also provide rules from which the necessary machine appli-
cations for an integrated system can be developed.

Le It must provide effective stockage rules under the dynamic
conditions of weapons' phasing-in and -out,

oved for Release
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The computational methods discussed in this paper may be used to set

base and depot stock levels for nonrecoverable line items with a long and

stable base program or during the phase-in or the phase-out of a weapon or

other end item, The methods are also applicable to reparable items at
activities which do not repair the items in question.

The paper is subject to two important limitations, First, it is con-

fined to the question: Given the affirmative decision to stock an item at

an activity, how much should be stocked? The determination of what to

stock is outside the scope of this paper, Second, the paper does not deal

Simplicity of computation is achieved by using, at least for the cheap- with the stockage of all reparable parts, but only with those parts which

est parts, approximate, rather than rigorously optimal, formulas for deter- are not normally reparable at the activity in question. Thus 1t deals only

with stocking those parts which are consumed when they are used or which, if

mining the appropriate stock levels, Simplicity in operation can be achieved

by printing and distributing a small number of tables to each base for the
use of supply personnel.

The methods appear to be applicable to thc bulk of the parts in Cate-
gories II and III; however, there are some exceptions,

No attempt is made

to treat problems associated with the long service life of some parts, or

reparable, go off base for repair. In both these case, demand for a part

can be satisfied only with a part from some outside source. In the other
case where a part can be repaired on base, a demand for a part can be met
elther from an off-base or an on-base, i.e., maintenance, source, The

ambiguity in the latter case introduces problems which have not been com-

the special problems associated with dated items. The former may be important pletely worked out,

in the case of many Hi-Valu parts, but it does not appear to be of major sig- B. The Problem

The major characteristics of the Air Force supply system are widely

nificance for most lower-cost ones, Further, the methods do not apply to

quartermaster, bulk or local-manufacture items, known, but it may be well to summarize the relevant ones briefly as a con~

The general approach is to find economical base stock levels on an text for the discussion to follow,

item-by-item basis. After we find the economical base levels, depot or The vast majority of the parts in the Air Force supply system are low-

storage-site levels are set which will provide effective support for the cost parts, and the great bulk of the supply activity measured in terms of

bases, the numbers of parts issued or consumed is similarly concentrated in the

1 For purposes of setting stock levels, parts-repair depots and IRAN
depots arc considered to be the same as bases; they might have different
pipeline times and, of course, different demand rates, but they are con-
suming activities and, in that sense, are like other bases,
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low-cost items.l Since there are many hundreds of thousands of such parts
in the Air Force inventory,? it is not possible - certainly not economical -
to devote a great deal of management to the control of each item, On the
other hand, these parts must be managed effectively, since it has been the
experience of the Air Force that a very large fraction of supply difficulties
are caused by inexpensive parts.3 Most supply activity is accounted for by
the cheap parts, On the other hand, the bulk of the investment is in the
small fraction of expensive parts,

These characteristics of the supply system are reflected in Tables 1
and 2, which show the base level experience for two quite different aircraft
in two widely separated periods, Table 1 shows very detailed B-47 experience
at March and McDill Air Force Bases during 1953 and 1954, Table 2 shows
F-86D experience at Clovis Air Force Base in 1956, Both tables show base
level supply activity for roughly the equivalent of a base-year, broken down
by price and issue-rate groupings. Each shows the percent of total active
line items, the percent of total transactions and the percent of the value
of transactions accounted for by each price-demand group. While the tables
differ in detail, their general characteristics are much the same, Both
clearly indicate the concentration of line items in the very low-price, very

low-demand groups, the concéntration of supply activity - as reflected in

1 Bernice B. Brown, Characteristics of Demand for Aircraft Spare Parts,
The RAND Corporation Report R-292, July 1956,

2 M. A. Geisler and A, R, Mirkovich, Analysis of Worldwide Data on Air-
craft Spare Parts as to Unit Cost, Quantity and Value Issued, and Invento:
Value, The RAND Corporation Research Memorandum RM-1481, [ Hay 1955.

3 He W, Karr, Analysis of B-L7 AOCP erience, The RAND Corporation
Research Memorandum RM=-1340, 14 September 1954,
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Table 1.

1
Demand_Experience for B-47 Aircraft~Parts over 1300 Aircraft-Months

o ~Months
Unit Cost Demand per 100 Aircraft-Mon
(Dollars) Under 0.1 0.1-0.9 1.0-9.9 _10.0 and Over

% Line Items 2.7 0.5 0.3 0.02

% Quantity
Demanded 0.01 0.1 044 0.2

% Dollar Value
Demanded 0e4 9.2

% Line Items 2.5

% Quantity
Demanded 0.5

% Dollar Value
Demanded

% Line Items

Under 10 % Quantity
Demanded

% Dollar Value
Demanded 0.5

Total Line Items: 26,445; from Master Spare Parts List
Total Quantity Demanded: 635,33} Parts
Total Value Demanded: 20.4 million dollars

1The data were collected at March, MacDill and Fairford Air Force Bases

i i i N Base
in 1953 and were previously published in M, A. Geisler's Analysis of
Stoclgcgge Policies, The RAND Corporation Research Memorandum 1431, 17 February
1955, Pehe
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transactions - in the low-price, high-demand group and the concentration of
dollar value of transactions in the very few high-value, relatively high-
demand cells. All the data available at RAND indicate that these charac-
teristics are typical.l

Almost any supply system would function effectively if there were a
smooth flow of issues as in Figure 2.2 Issues would be made until the
Reorder Point was reached, then additional stock would be ordered up to
the Stock Control. Level. Issues would continue during the pipeline time,
By the time the new order arrived, the stock on hand would be down to the
safety level, which would be needed only if pipelines were interrupted,

With no uncertainties, it might be possible by trial and error to estab-
lish adequate Reorder Points and Order Quantities, However, there is uncer-

tainty. Pipeline times vary, so there is no assurance that stocks will ar-

rive when they are expected, More important, demands do not occur in neat

Table 2.

order, one per week, or one every month, or anything of the sort., Figure 3
is a more typical representation of an actual sequence of base demand over a
period of 35 weeks for a particular item, This is, if anything, a less errat—
ic demand pattern than is typical; yet, in spite of the fact that this part

had a mean demand of 1.7 units per week, there were many weeks when it wvas

8 Months Experience Clovis Air Force Base

% Value of Issues

% Issues

4]
]
A
=1
b
[
e
(=}
[}
g
|4
12}
g
B
§
o
g
o
H
| =]
[2]
&
&
2]
g
o
(2]

% Line Ttems

£ Issues

% Value of Issues
% Line Items

% Issues

% Value of Issues
% Line Items

% Issues

% Value of Issues
% Line Items

% Issues

% Value of Issues
4 Line Ttems

1 Bernice B. Brown and M. A. Geisler, Analysis of the Demand Patterns
for B~47 Airframe Parts at Air Base Level, The RAND Corporation Research

Memorandum RM~1297, 27 July 1954; M. A. Geisler and A. R. Mirkovich, Analysis
of the Flying Activity and Sparec Parts Demand of F-86D Aircraft at Perrin
Adr TForce Base, 1 September 1953 - 28 February 1954, The RAND Corporation
Tlesearch Femorandum Wi-1456, & June 1955; idem, Analysis of Vorldwide Data
on Adrcraft Spare Parts as to Unit Cost, Quantity and Value Issued, and In-
ventory Value, The RAND Corporation Research NMemorandum RM-1481, 6 May 1955,

PRICE

2
The figure also serves to define some of the key terms which will be
used throughout the discussion,

Demand Rate

Annual
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$ .23

Mean demand:

Unit price
1.7 per week

L\\“‘ Operating Stock
m Safety and Pipeline

Some definitions

Fig.2
Base level demand pattern for a gasket

Fig.3

Level —~

1
©
spuowaqg

Reorder Point L

Order Quantity ﬁ

Stock Control
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not demanded at all, and several weeks in which there were demands as high

as 9.

If the rule, "stock 90 days' stock plus the expected number of demands

during the pipeline time plus a 15-day safety level," were rigidly applied

to the 23-cent gasket, the solid line in Figure 4 would show how the stock
on hand at a base would fluctuate over a period of 35 weeks, There are some
stockouts, (Stockouts for the cheap items, such as this 23-cent ttem, have
been a major cause of criticism of Air Force stockage policy.)

Further, if that rule were followed, three reorders would have been

———0n hand (minus due-outs) plus due-ins

——-—0n hand (minus due -outs)

placed while some 68 parts were demanded, If it costs as little as $5 to

process an order, $15 would have been spent on reorders to support $15.64

worth of consumption,

What do these facts mean for stockage policy? To the extent that good
management should be directed toward dollar economy, it is desirable to con-
centrate it on the small fraction of high-value items, It is desirable to

buy them in minimal quantities and to control them closely., Since they are

For same gasket (see fig.3)

few, this may be entirely practical and is, of course, the objective of the

Pattern of base stocks on hand and due-in

Hi-Valu program, However, in view of the great number of less expensive

parts, it is impractical to attempt to control them in that fashion, and be~

Fig.4

cause so little is invested in them, in relative terms, there is no economic

Justification for doing so. Further, since a large proportion of the supply

activity is accounted for by the cheap parts, it is only by curtailing the

administration and management of them that management resources will be
freed to control properly the higher-cost items, The low-value parts, how-

ever, can and do ground weapons and stop maintenance lines, so they can by

no means be ignored,

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9



Declassified in Part - Sanitized Copy Approved for Release

RM-1962
1-18-58
~12-

Sound management, therefore, appcars to call for striking a balance

emong the costs of managing the different kinds of items, the consequence
of shortages of them and the costs of investing in and holding them. The
study reported here does that. The methods proposed are sufficiently simple
to permit their use in the management of the masses of lower-cost items,
with considerable improvement in the effectiveness of supply support of the

operational units. The policies call for large base stocks and infrequent

requisitions of the cheapest parts so as to reduce greatly the risks of
shortages of the cheap parts and the costs of processing theme On the other
hand, to reduce the investment in the higher-cost items, much smaller stocks
and more frequent reorders are appropriate.

The paper is organized as follows:

This introductory chapter describes the organization and scope of the
paper and defines the problem of setting efficient stock levelse

In Chapter II, the principles of efficient stockage are stated and used
to compute a sample table of economical base stock levels under a stable
program. These stock levels are then compared with the base levels which

would result from rigid application of the general rules stated in the Air

1
Force Supply Manual.

Chapter III takes up the effect of some dynamic considerations on base

stock levels: the setting of quantities for initial-support tables and the

1pir Force Manusl 67-1. This manual is referred to as "67-1", By the
n67-1 system” is meant the rules calling for a reorder of the number of units
expected, on the average, to be issued in a period equal to 15 days, plus
the length of the routine pipeline time and an operating period of 60 days
for Cost Category II items and 90 days for Cost Category III items.

In many areas, the Air Force applies stockage policies which are dif-
ferent from and improvements over the "67-1" system, but the n67-1" system
provides a ready bench mark with which the proposed rules may be compared,
and, further, for purposes of comparison our set of general rules can best
be related to some other set of general rulese.

@ 50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9
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setting of levels as the phase-out of a weapon or program approaches.
Chapter IV, "Depot or Storage-Site Stock Levels", parallels the dis-
cussion in Chapters II and III, first taking up the stable-program case
and setting levels so that efficient support may be given to bases; and
then, the dynamic aspects of determining depot Order Quantities and Reorder
Points.
Chapter V describes the Data Requirements of the proposed policies
and discusses their sensitivity to inaccuracies in the data.

Chapter VI lists the conclusions which may be drawn from this study.
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II. BASE LEVELS UNDER STABLE CONDITIONS

The present chapter is basic to the whole discussion. It develops the

fundamental principles which will be elaborated and modified later on to take
i k account of dynamic and system stockage problems. Specifically, this chapter
B develops formulas proposed for the computation of base Reorder Points (1‘02‘

determining when to resupply) and base Order Quantities (how much to ship at

% ’ 3 a time) for a stable program.

| Two sets of equations are developed. A rather rigorous set is derived
; in Appendix I, but most of the discussion in the text of this and the
succeeding chapters relates to some approximations to the rigorous equations.
The approximations are quite adequate for determining levels for the lower-
priced items in Category . II and for Category III and are very easy for

manual computation. The more exact equations can be used where electronic

computing equipment is available. For some of the higher-cost items they
give significantly better results than do the approximate equations.l These
equations still permit automatic computation of levels and, hence, are
appropriate for the more expensive parts (including Category I items) in
cases where it is decided not to give individual attention (as required, for
example, in the deferred-procurement program) to the management of particular
line items. As will be shown later, it would also be practical to use tables
based on either the approximate or exact equations for very simple manual
computation. The choice among these three procedures for actual implementa-
tion requires the exercise of judgment based upon the cost and importance of
E the items in question, the accuracy of the input data available and the com-

. E o puting capacity at hand.

Isee Chapter V for a discussion of the sensitivity of system costs to
the approximation.
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After the formulas are presented, some reasonable assumptions will be
made about the environment in which the supply system operates, and the
approximation formulas will be used to compute a sample table of basel
Reorder Points and Order Quantities. The sample table is for illustrative
purposes only and is not proposed for actual use. We shall see the way
Reorder Points differ for different resupply pipeline times and for differ—
ent costs associated with a shortage, and we shall compare the sample
stock levels with "67-1" levels. Finally, this section will present a
very rough comparison of the supply effectiveness and costs of the proposed
policies and the "67-1" policies.

A.  Approximation Formulas

The definitions to be used are as follows (See Figure 2 ):

) Stock Control Level has the same meaning as the Stock Control Level
under the present system.

Reorder Point is the level for determining when to reorder, i.e.,
when "stock-on~hand-plus-due-in's minus due-out?s" is equal to or less
than the Reorder Point, an additional order is to be placed.

Order Quantity represents the difference between the Stock Control

Level and the Reorder Point.

Operating Stock refers to the "stock-on~hand-or~due~int over and

above the Reorder Point.

Safety and Pipeline Stock is that "stock-on-hand-cr-due-in" up to

the Reorder Point.

————

1
"'Base" as used throughout this M,
activity of & do emorandum includes the base support

Declassified in Part - Sanitized Copy Approve
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1. Base Order Quantity
In explaining how to set base levels for any particular line item,

we treat first the Order Quantity, then the Reorder Point. A glance at
Figure 2 will show that determining these two quantities at each activity
for each item solves the stockage problem.

Turning first to the Order Quantity, it is obvious that, if there
were no cost or inconvenience associated with ordering again and again, it
would be cheapest and simplest to order one unit at a time, thus avoiding
the costs of holding the Operating Stocks. On the other hand, if it cost
nothing (in money, trouble, or material resources) to hold stock, there
would be an incentive to order each item once and for all and to keep vast
quantities on hand -~ thus avoiding the ﬁroblems and costs of reordering.
Neither extreme situation is true, of course, but looking at both brings
out the fact that for any given demand rate the desirable size of order
depends on the costs of reordering and the costs of holding the Operating
Stocks and, in the approximation, upon nothing else.l If each shipment
is small, shipments are frequent, and the costs of placing an order are
incurred frequently, but only a small amount of Operating Stock is allocated
to the base. If each shipment is large, the number of orders -- and hence
the yearly reorder costs -- are reduced, but the average Operating Stock
is large and so is the cost of holding it. To find the economical Order
Quantity for each demand rate, we balance holding cost against reorder

costs.

lIn the rigorous formulation, explicit account is taken of the fact
that the Operating Stocks also provide some protection against shortages.
See Appendix I.
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a. To define reorder costs, compare what happens if a base were to

receive two small shipments of an item with what would happen if it were

to receive only one large shipment of the same number of units of the
same item.. Since at both base and depot level some order costs are
Reorder cost
independent of the number of units on an order, it costs more to make two

small than one large shipment of the same total amount. As illustrated

in Figure 5, we call that difference in cost the reorder cost, i.e., the

extra distribution cost incurred by each additional order for the base f Reorder
. cost

during the year.l The reorder costs are those costs which are incurred

in the placing and filling of an order, and which do not depend on the

number of units ordered or shipped. They consist largely of paperwork

and communications ‘tosts and some fraction of the stock-picking, packing,

transportation and receiving costs.

Figure 6 shows that, given the demand rate at a base, annu312 cost
of reordering declines as the size of each shipment increases. Note
that annual cost of reordering declines rapidly as the size of shipment

increases from one unit to two units (since the number of shipments is

reduced by half), but the cost declines less rapidly for larger shipments,

One large order Two small Three small
orders a year orders a year

lFor further discussion, see Chapter V, Section B-6.

2Costs and demand are referred to as pertaining to a year -- any : Fig.5 — Annual distribution costs
convenient period would do equally well. (Given total number of units shipped)
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0.8+, 1f the Order Quantity is increased from nine units to ten, the number
of shipments--and hence annual costs--is reduced only 10 per cent.

b. The Operating Stocks must be held until used. The gnnual cost to
hold a unit of stock consists of the unit value of the item multiplied by
the unit holding cost. The latter is (1) the physical cost of storing a
unit of the item at a base for a year, plus (2) a charge for the capital
invested in a unit of the stock.l The unit holding cost is expressed as
a per cent of the value of the item.

The larger the Order Quantity, the larger the stock held and the greater
the costs of holding it. Thus, two kinds of cost are involved: annual cost
to reorder, which declines as Q increases, and annual cost to hold, which
increases as Q increases, given the unit.price of the item and the unit
holding cost.

Figure 7 represents annual cost to hold, annual cost of reorders and

Order Quantity

the sum of the two. Note that annual reorder costs decline rapidly at

Given demand rate

first as Order Quantity incréases; total cost decreases at first and then,

o
c
=
Q
-]
s
o
@
b
-
o
-
»
o
)
o
]
c
c
<<

as reorder cost levels off, total cost increases. Obviously, it is desirable
to select an Order Quantity which minimizes total cost. The economical
Order Quantity is that size of order associated with the smallest total of

Fig. 6

-annual cost to reorder plus annual holding cost.

lThis is a charge for the risk of obsolescence or modification due to
engineering changes in the part itself or in the end item or higher assembly
of which it is a member, plus a capital charge reflecting the value of money
to the Alr Force, i.e., the cost of using money to buy this item rather than
spending it in some other way. See Chapter V, Section B-4 and Appendix I.

(sipjjop) bBuliapioas jo ysod jonuuy
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The demand rate and the unit cost of the item also influence the

and)
LV

economical value of Q. If the demand rate for one item is greater

than for another, the annual cost to reorder associated with any given

dem
—_—

(high
al reorder cost

size of shipment will also be larger (Figure 7). Thus, the economical

Order Quantity will be larger, the greater the demand rate. The higher

r cost

the unit cost, the more it costs to hold any given number of units; hence,

reorde
—=

\
Annu

the economical Order Quantity decreases, as illustrated in Figure 8.

In order to use these principles in computing levels we must have &

Order Quantity ——s—

Annuai

formula;l it is

Econond cal - 2(Reorder Cost) (Annual Demand Rate
Order Holding Cost) (Unit Cost ti.
Quantity, Q olding Cos n: os

For all practical purposes, this is the equation we would have obtained

if, instead of plotting the curves in the last several figures, we had

written down their equations and found the mathematical solution for the

C >
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high
=

demand demand

minimum cost point. The derivation is developed more fully in Appendix I.

Reorder cost, holding cost and total cost

Equation 1 shows that the higher the demand rate, the larger the

low

economical Order Quantity, but doubling the demand rate does not double Q;

Fig.7

the higher the reorder cost, the larger the economical Order Quantity, but,

Economical Order Quantity

again, doubling this less than doubles Q; the higher the holding cost or

the unit cost, the smaller the economical Order Quantity, but, again,

R

e

S

l.[n the equation, the "1" under the radical is a constant factor which
results primarily from the fact that fractional shipments cannot be made.
In other respects this equation can be derived from the equation for the
optimal number of orders per year which appears in the Air Force Suppl;
Management_Handbook, AFM 67-10, Page 149 (March 1, 1956). For the
derivation of Equation 1, see the Mathematical Appendix.

Dollars

Minimum cost
high demand
Minimum cost
low demand
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doubling the holding cost does not cut Q in half. In fact, Q changes as
the square root of these factors: a doubling of Q would occur if demand

or reorder cost were quadrupled or if unit price or holding cost were

quartered. These effects can be seen clearly in Figure lor in Table 3

Reorder cost

below.

2. Base Reorder Point
The next step is to determine when shipments should be made to a base,
i.e., what the base's Reorder Point should be. The purpose of the Reorder

Point is to indicate at what inventory level an order should be placed. It

marks the amount to be held as Safety and Pipeline Stocks (Figure 2) to

avoid shortages while the base is waiting for a shipment. If resupply were

.l‘
€
o
F
o
-
w
o
o

instantaneous and the pipeline were never interrupted, or if there were no
cost or inconvenience in being without a part while awaiting a shipment,
there would be no justification for investing in Safety and Pipeline Stocks.
They would be zero. Resupply takes time, however, and it is costly to be

without parts when they are demanded. Furthermore, demand is uncertain, and

there is no way of predicting with accuracy how many parts will be demanded

low price

during the routine pipeline time when the base is awaiting a delivery.

Therefore, there are good reasons for having Safety and Pipeline Stocks;

high price
Economical Order Quantity

- the larger those stocks (all else equal), the less is the risk that a shortage

How a higher unit price reduces the -economical Order Quantity

will occur. Since it does cost something to keep stocks, the problem in

setting the Reorder Point is to stock just enough so that the protection

provided against shortages is worth what it costs, and so that keeping addi-

Fig.8

tional stocks would cost more than the additional protection would be worth.

Dollars

This is not an easy problem.

Minimum cost
low price

Minimum cost
high price
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To determine the appropriate Reorder Point, we need to know three

things:

of demand
distribution

a. how many shortages a year are avoided by each additiongl unit in

the Safety and Pipeline Stock;
how much it is worth to avoid each of these shortages;

what the cost is of keeping an additional unit of Safety and

Pipeline
time and

Pipeline Stock.

Since stock levels are set before, not after, the fact, only expected values

demands during a
routine pipeline time

Probability of R or more

of these quantities can be used.
a. The number of shortages a year avotded by having an additional unit
(call it the Rth' unit) in the Safety and Pipeline Stocks depends on how

frequently these stocks are exposed to use and on the probable number of

of shortages

in the Reorder Point

demands during each period of exposure. Figure 9 shows diagrammatically the
factors determining how much protection is provided by additional Safety and

Pipeline Stocks.

avoided by the R™ unit

Annual number

The frequency with which these stocks are exposed to use depends upon

Determinants of the protection provided by

the R unit

the size of the Order Quantity, given the annual demand rate, for they are

subject to use whenever the base has exhausted its Operating Stocks and is

Economical
Order
Quantity

(presumably) awaiting an order. The expected number of orders1 a year, of

Fig.9

number

course, equals the expected annual demand rate divided by the Order Quantity,

e.g., if the demand rate is 100 per year and 25 are shipped at a time, there

Annual

will be an average of four shipments a year; but if 50 are shipped at a time,

there will be only two shipments a year,etc. The probatle number of demands during

1The number of orders per year is the reciprocal of the operating period
(measured in years). Operating period equals Order Quantity Annual Demand.
The number of orders per year equals Annual Demand : Order Quantity.
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the pipeline time--which is the period of exposure--depends upon the length
of the pipeline time, the annual demand rate and the variability of demand.

All else equal, the longer the pipeline time, the greater the number of
demands expected while the base is awaiting shipment, and hence the greater
the chance that the Rth unit will avoid a shortage.

The larger the annual demand rate, the greater the chance that the
additional unit will avoid a shortage, because the more demands one can expect
during any pipeline period. Usually the greater the variability of demand,
i.e., the more erratic is demand, the greater the probability that the Rth
unit will avoid a shortage.

Variation in the pipeline time has much the same effect as does variation
in demand. It can be treated in the same way since we are interested in the
probable number of demands during the period while the base is awaiting
resupply.

To get some M"feel™ for how an additional unit in the Safety and Pipeline
Stocks avoids & shortage, refer again to Figure 4 showing the stock of the
gasket on-hand and due~in. In this case, the Reorder Point is 11 units, and
the Order Quantity is 22. At the first reorder, since a total of 14 units
were demanded within one routine pipeline time, each of the 11 units in the
Safety and Pipeline Stock avoided one shortage because, had the Reorder Point
been 10 instead of 11, there would have been three shortages instead of twoj
if the Reorder Point had been 9 units, there would have been four shortages,
etce On the next order, each unit in the Safety and Pipeline Stock avoided
a shortage for similar reasons. But, at the third reorder the seventh,
eighth, ninth, tenth, and eleventh units of Safety and Pipeline Stocks avoided

no shortages because after the reorder was placed five units were still on
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hand and there were no demands during that particular pipeline times The
eleventh unit avoided two shortages in this example and on the average
avoided two-thirds of a shortage in each of the three periods of exposure.
Thus, the expected number of shortages avoided during a year by the R"h
unit is equal to the probability that R or more units will be demanded during
a pipeline time (for that probability is the fraction of pipeline times in
which R or more units will be demanded times the number of reorders per
year.)
be The second quantity which must be known in order to determine the
economical Reorder Point for a base is how much it is worth to avoid g
shortage.l If a shortage would result in priority action, the cost of that
action is a lower limit on the amount it is worth to avoid a shortage. In
addition, there is the loss in operational capability caused by the shortage.
This latter cost depends upon the immediacy of the need, the mission
effect of a shortage and the cost of possible compensatory action. If the
item is needed immediately, the shortage cost will be higher than if the
need is discovered during, say, a periodic inspection when the item could
as well be installed several days later. Secondly, a shortage of one (of
two) landing light would have far less effect on operational capability
than woul;l the shortage of a nose wheel. If the effect of the shortage can
be reduced temporarily or permanently by local manufacture or cannibaliza-
tion, the actual shortage cost is likely to be less than if the aircraft is
forced to remain without the item. If a shortage can be compensated by
using an inexpensive higher assembly, of which there are many stocked on the

base anyway, it is far less serious and less costly than would be the case

Irhe shortage cost is discussed more fully in Chapter V, Section B-7.
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Af the next higher available agsembly were the aircraft itself. It appears

that the pro-rated cost of the aircraft or other end item sets an upper

1imit on the shortage cost.

¢. The third quantity that must be known to set the economical

Reorder Point is the cost of keeping each additional unit of Safety and

Pipeline Stock on hand. In general, we can expect that, after the first
unit of an item is stocked, the cost of keeping the Safety and Pipeline

Stock is increased by roughly the same amount by each additional unit in

the Safety and Pipeline Stock. To determine the cost of keeping a unit for

Safety and Pipeline Stock, all of the factors used for the determination of

unit holding cost for operating stock are needed, viz., physical-storage

costs, capital costs, and engineering-obéolescence costs. It was expected

that the Operating Stocks would be used up periodically, but there is a

good chance that an additional unit of Safety and Pipeline Stock will

eventually have to be salvaged or otherwise disposed of at less than the

purchase price; for, by having enough stock to achieve a high degree of

protection, there is a very good chance that some of the Safety and Pipeline

Stock will be on hand at the end of the program. Thus, terminal obsolescence
must also be taken into account in determining keeping cust.l
Figure 10 illustrates how the three factors are used to determine the

Economic Reorder Point. Compare the expected saving of" shortage costs

from each additional unit of stock with the cost of having that unit. For
instance, the expected saving due to the first unit (the first bar in

Figure 10) of the Safety and Pipeline Stock is the probability of one or

17erminal obsolescence is defined as that obsolescence of parts caused
by the phasing-out of the program to which they apply. Keeping cost is
discussed more fully below in Chapter V., Section B-5.
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more demands during the routine pipeline time, (Pl), multiplied by the
number of orders expected each year, (—8—), multiplied in turn by the
shortage cost per unit (s). Then compare this figure with the cost of
keeping an additional unit on hand (kv). If the savings are greater than
the cost, hold at least one unit in the Safety and Pipeline Stock, make

the Reorder Point at least one. Then, look at the expected saving from the
second unit. It is the same as the expected saving from the first unit,
except that the probability of two or more demands during the routine pipe-
1ine time must be used instead of the probability of one or more demands;
this, of course, is less than the probability of one or more demands (by the
probability that exactly one unit will be demanded), so the net savings are
less. If, however, the savings still are'greater than the cost of keeping
the additional item, it pays to have at least two units. Do this for each
successive unit until you come to the Rth unit; the expected savings from
the RYD unit are greater than the cost of keeping the Rth unit, so it pays
to stock the REM unit, but the expected savings from the (}Hl)st unit, 1.6,
one more unit, are less than the cost of keeping a unit, so stop at R units.

This process is summarized by Equation 2:1

8 .g PR > kv > 8 _g_ Ppy1 » where terms are defined as in Figure 10.

In words:

A particular Reorder Point, R, is the economical Reorder Point if
the expected savings in shortage costs from the last unit in R (the
RUh unit) are greater than the cost of keeping the R'M unit, but
the additional cost of keeping one more unit, (the R+1)St unit,

is greater than the expected additional savings from that unit.

lFor the derivation of Equation 2 see Appendix I.
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If the savings from the (}101)5*’ unit are greater than the keeping cost,
then the economical Reorder Point is greater than R. If the savings from
the R unit are less than the keeping cost, then the economical Reorder
Point is less than R.
Notice, the lower the cost of keeping an additional unit (k) or the
lower the unit price (v), the greater the economical Reorder Point tends
to be. The greater the shortage cost, the greater the relative benefits
from each unit are; hence, the greater the economical Reorder Point would
be. For higher-demand items and for longer pipeline times, the probability
of R or more demands would be greater during the pipeline time, and so the
economical Reorder Point would be greater. Since an increase in reorder
cost increases the Order Quantity and rediuces the annual number of orders,
the greater the reorder cost, the smaller the Reorder Point, butthis is a
rather indirect and small effect.
Now we have seen in principle how economical Order Quantities and
Reorder Points may be computed for a base. What sort of stock levels result

when we apply these principles?

B. Resultant Stock Levels

To evaluate these policies one must know what sort of base stock levels
are likely to result from the use of Equation 1 (to compute Order Quantities)
and Equation 2 (to compute Reorder Points) and how the levels are affected

by changes in the parameters used in their computation.

1. The Base Stockage Table

Table 3 is a sample table of base levels under a particular set of
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FREFEFEREEEEEEEENEEEEREEFEER
EEEFEEEEEE RE EREESEEE EEER R ER hypothetical conditions,l viz., a 30-day pipeline ('.ime,2 an expected
deddddadddddodalddd el el del ddd ol o o shortage cost of $50 per unit, a reorder cost of $5 per order, annual
SEINQ A9 9999 g9y A5 |
3 ) holding costs of 20 per cent of unit price (say, 10 per cent storage cost
HIBEEEEEREEEEREEEEEECEEEEEER EEEE ;
E” plus 10 per cent capital cost), a five-year program, and negative-binomial
2 FESERESERERERREELLEEEREREEER ! demand probability distributions with the variance equal to four times the
ES%{ EREEEEEEEEEEEBEEEEEEEEEEERER mean.? It shows in a form which can be readily used by clerks, Reorder
E’ EEEEREFEEEEEREEEMNREEFREREER 3 Points and Order Quantities which might result from the application of the
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35 EEEEEFEFENEEEEHNEEREELEEED Note that the annual demand classes used for the table (0-2, 2-6,
4 . 6-12, ... 380-420, 420-462, etc.) are not equal in absolute or relative
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. - presented in Appendix II.
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;5 By pipeline time we mean the time from the occurrence of that issue
Y Al FEREEECERCEEESEEEEEFEEEEN at the base which reduces the stock-on-hand-and-due-in to the Reorder
i gy B & < o~ ol Point until the resulting shipment arrives and is available for issue.
s T
a7 19 LERAENE U1 ! 3The cost and probability assumptions are believed to be reasocnable
| i guesses for many items in the Air Force supply system. But they are guesses
e NENERERE LEDER SR EEE R R TR R i and not estimates. Therefore, Table 3 is presented for illustrative purposes
only., It is not necessarily recommended for use in either service-testing
H ol of of o of of A of 4 ~f o «f of <lo| | o o of oll of ol of i of o or implementing the proposed policies.
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errors on system perfcmance.l It is designed to minimize the effects of

these errors. Sensitivity to error is discussed in Chapter V. Among other . q . Q Al 1+ ?205 L.?IBO = /876 = 29.60 = 30

things, the discussion shows that it is better to overstate the demand rate

than to understate it. Hence, the Reorder Points (R) and Order Quantities We then enter 30 as the Order Quantity in the cell "Demand, 72-90;

. - . I"
(Q) are not computed for the midpoint of each cell but, instead, are computed Price, $4.00 - 7,99." The next step is to find the Reorder Point, R,

from Equation 2.

for a point near the lower end of the price class and near the upper end of

the demand class. ) (2) -é—d- (PR) > kv > S—d (PR‘,]_)

2. Sample Computation «] Equation 2 may be rewritten:
For example, the levels for the cell "Demand, 72-90, Price, $4.00-7.99"

was computed for an item with a demand of 8k per annum (72 x 1/3 + 90 x 2/3) fr > %Q_ > Py

and a price of $4.80 ($4.00 x 4/5 + $8.00 x 1/5).2 The computation was ) For these values we have:

then carried out by solving Equations 1 and 2. k = 0.350

e- T 2 v = $4.80
hv
Q = 30 (derived above)

= $50
8l

assuming
r = $5.00
d = 8k

h = 0.20

v = $4,.80 So that Equation (4) becomes

Hence, (9 0. 0

P, + 80
B> 50) (e > P
1 Then
If a cell computed on the basis of a demand rate of 10 is used for an
item with a demand rate of 8, an “error" of 2 units is made in using the

formulas. 3

ormulas PH 7 0.012143 > Ppyy
21n the $0.01-0.12 price class $0.075 was used. In the cells to the

left of the heavy line the adjustment for a short base program which will

be described in the next section was used. 1, . .
For an explanation of how to derive k for different expected program

lengths see Appendix I.
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The Reorder Point, R, is then found by comparing 0.012143 with the
values in a table showing the probability of J or more demands per pipe-
line time. Demands have been assumed to have a negative binomial distribu-
tion with variance four times the mean, expected annual demands(d) are
8l, and the pipeline time (t) is 0.08 years. Hence, the table is used for
a mean of (84)(.08) = 6,92 and variance of (4)(6.92) = 27.68.

Such tables can be computed by an electronic computer. The relevant

Pj=1-£l'_ P(x)

X =0

part of the particular table needed shows:

P(3)
(Possibia Reorder Probability of Exactly Probability of J or
Point) 3 Demands More Demands

0.044811 1.,000000
075283 +955189
091468 879906

005539 +026200
004400 020660
.003486 016261
.002755 «012775
+002173 .010020
001711 +007846

By inspection of the probability table we find that:

P23 = 0.012775 7 0.012143 > ch = 0.010020
therefore, the Reorder Point, Rl’ is 23 units. Thus, we have found the
entries (R = 23, Q = 30) for the cell "Ahnual Demand: 72-90, Unit Price:

$4,,00-7,99" in Table 3 «
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Table 3 shows that the higher the demand rate, the greater the Reorder
Point and the Order Quantity. It also shows that the lower the price, the
greater the Reorder Point and the Order Quantity; however, there is no simple
relationship between the two. For a demand of 6 to 12 a year (1/2tola
month) the Reorder Point is 11 units for the cheapest item (about one or
two years! supply) and the Order Quantity is 70 units (six to thirteen

years! supply) —- the Order Quantity is seven times the Reorder Point. For

’ 8-16-dollar items, again those with demands of about 10 per annum, however,

the Reorder Point is 4 (four to eight months! supply) and the Order Quantity
is 7 (seven to fourteen months' supply) —- the Order Quantity is less than
twice as great as the Reorder Point.

For items with a base demand rate of 110 to 132 annually, the relation-
ship is quite different. The Reorder Point drops from 39 units (about four
months ! supply) for the cheapest items to 19 units (or two months! supply)
for the $250-$500 cell and the Order Quantity drops from over two years
to about two weeks supply.

With or without integrated data processing, the formulas from which
these Reorder Points and Order Quantities were derived can be used to
produce tables like Table 3 for use by bases.l A moderate number of tables
should be sufficient for any one base. It should be noted that total cost
is barely affected if the Order Quantity for low-cost Category III items
is rounded to some standard unit, e.g., dozens, 25's, gross, etc., or, to

the nearest unit pack.

1
) ‘If l_:ables are centrally computed, the more rigorous process described
in Appendix I may be more desirable than the approximations provided by
Equations 1 and 2.
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In the high price ranges the errors introduced by using the approxi-
mation equations are relatively large. If computing facilities are avall-
able, it would be better to use the more rigorous formulation of Appendix I
for parts costing, say, more than $50 each. If tables are prepared centrally,

with EDPE, of course, the more rigorous form should be used throughout.

30 days

3. Effect of Pipeline Time and Shortage Cost

Table 3 is based upon a 30-day pipeline and a 50-dollar shortage cost.

$300.00 (Q = 1)

What happens with other pipeline times and other shortage costs? As stated

L days

in discussing Equation (2), the larger the shortage cost and the longer the

pipeline: the larger the economical Reorder Point. The Order Quantity, of

course, is not affecteds Appendix II provides five additional tables

30 days

gimilar to Table 3 showing all combinations of 4-day pipelines (such as

might be realized in the ZI with highly effective air-electronic resupply)

S
A
"
o
A
I’
<«

and 30-day pipelines, and $50, $500, $5000 shortage costs (which probably

L days

bracket the relevant ranges of shortage costs for technical items).

EORDER POINT

Tables 4 and 5 give particular examples of the effect of different

THE

(Annual Demand = 10)

pipeline times and shortage costs upon the Reorder Level. An examination

=41)
30 Days

of these summary tables or tables in Appendix II will indicate the sensitivity

of the Reorder Level to the pipeline time and its relative insensitivity to

$ .25 (@

L days

the value of the shortage cost. An increase in the pipeline time from 4 to

EFFECT OF PIPELINE TIME AND SHORTAGE COST UPON

30 days causes increases in the Reorder Point of several months'! stock in

most cases. In Table 4, for example, the increases range from about five

Q)

months! to nearly eleven months! worth of stock (ignoring the upper right-

hand cell), In Table 5, the higher demand example, the increases are less

Unit Price:

Pipeline Time.

Shortage Cost
(n67-1n

dramatic but are still large.
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In contrast, the Reorder Point is relatively insensitive to the value

of the shortage cost. A one-hundred-fold range in shortage cost is shown

in the Appendix and in these brief tables. Yet the largest increase (ignoring

30 days

the increase from zero in the fifth column) in either Table 4 or 5 is thir-
teen-fold. In the Appendix tables the same general situation is shown

throughout. In low demand items, however, which account for the bulk of

$300,00 (Q = 4)

the items,l the increase is proportionately greater than in the cases of

L days

high annual demand.

The fact that the Reorder Point is not very sensitive to the value of

the shortage cost does not mean that the shortage cost can be ignored.

30 days

What it does mean is that taking it into account at all covers a large range

of possibilities reasonably well. In contrast, the "67-1" rules, which take

$ 5.00 (Q = 30)

L days

no explicit account of shortage cost, provide entirely different Reorder

points, These (and the M67-1" Order Quantitites) are shown for comparison

in Tables 4 and 5.

|
1

B
=]
I
g
g
2
=)
&

Notice that the Order Quantity, which is shown for reference in Tables

30 days

L and 5, is not affected by the differences in pipeline or shortage costs.

$ .25 (Q = 118)

L days

1See for example the Tables in Appendix III.

8
B
g
g
g
8
&
a
E
2]
=
=)
A
8
8
B

Unit Price
Pipeline Time:
Shortage Cost
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C. Resultant Effectiveness and Costs

In Section A of this chapter, the stockage equations which provide effec~

Prorosed

tive support at or near least cost were derived. In Section B, the resultant
stock levels were described. Of primary interest, however, is the impact of
these policies on supply effectiveness and, second, the cost of achieving

that effectiveness. Four tables follow which compare base stockage under

227,000

the "67-1" rules’ and under the proposed rules ith vgx'-iuua.»uhortaga costs

$ 200,000

s
k3

and pipeline times. The comparisons are of limited gignificance » being

based on a single sample of issue data, viz., issue éxperience for B-47

CO;

. 2
aircraft spares at March and McDill AMr Force Bases 'in 1953 and 1954.

RISON
Pipeline time = 30 days

It is assumed that each of the 7,000 items issued during that period, and

on which we have unit prices, is stocked at the base and that no other

UI'DER M47-11 AXD

parts are stocked. The ng7-1t stock levels and the proposed stock levels

are then found, using the assumptions underlying Table 3 (except for pipe-

~ BASE LEVEL -
$ 70,000

1ine time and shortage cost).
Table 6 shows the comparison with a 30-day pipeline and a 50-dollar

shortage cost. The 30-day pipeline is approximately the present routine

i
3
g
2]
=1
A
0
Q
ol
E\_U)
)=
U)O
(nd
HO
Al
=F
0
Q0
Fj:g
=85
g
&

pipeline in the continental United States. The 50-dollar shortage cost is

chosen as an extreme on the low side. This represents a rough guess of the cost of

Shortage cost = 350.00
$ 20,000
$ 350,000

l’I’he n67-1" policies used in computing these tables are the general
rules in effect 1 September 1957, viz., stock 1l5-day safety level plus pipe-
line stocks plus, for Category III items, 90 days' Operating Stock and for
Category II items 60 days! Operating Stock. These rules have been modified
since September 1957 and, in any event, were never applied blindly. They
are used here merely as a bench-mark. B O

Cat IIT

2Laboratory Problem I in the Logistiéa‘Syétema'.léborabcry compared these
policies with more realistic current policidy. and ‘closely confirmed the
results reported here. This is discussed mote’ fully below.

Average Operating Stocks
Safety and Pipeline Stocks
Routine Reorders
Out-of-Pocket Costs

Annual Shortages

Total Costs
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priority action, which is the minimum action necessary in the event of a
shortage of a technical item and makes no allowance for the loss of military
effectiveness which might result from a shortage, for example, by having an
aircraft, missile, or an essential piece of ground support equipment out of
commission for parts.

Under the assumed costs, the proposed policies require holding sub-
stantially larger base-level inventories of Cost Categories II and III items
than does the M67-1" system. With the cost of holding the Operating Stocks
computed at 20 per cent per annum and the annual cost of keeping Safety and
Pipeline Stock taken as 35 per cent, the economical policies also require a
greater charge for stock than the theoretical "67-1" policy, i.e., $60,000
a year to pay for Operating Stocks versus $20,000 under "67-1," and about
$126,000 a year for Safety and Pipeline Stocks versus $87,000 under "67-1,"
a total of $186,000 a year versus $107,000,

What is the return from these additional expenditures? Rather than
the 24,000 routine requisitions needed each year if these 7,000 items are
stocked under the theoretical "67-1" policy, only 7,000 routine requisitions
are needed under the proposed policies. At $5 per requisition, the 24,000
routine reorders under "67-1" would cost $120,000; the 7,000 routine. requisi-
tions under the economical policy would cost only $35,000. A large part of
the savings would be in the form of reduced workload requirements for
management of Categories II and III in base and depot supply. Thus, the
out-of-pocket costs with the economical policy are less: $221,000 a year
as against $227,000. This difference is, of course, insignificant. What
is important is that the extra investment is roughly offset by the reduced

cost of supply operations.

RM-1962
4-18-58
L7~
More important, the proposed policies increase supply effectiveness.
There is a striking difference in the shortages to be expected under the
two systems. Given the assumed probability distribution, we would expect
4000 shortages a year under the ng7-11 policies but only 840 under the pro-
posed policies. This difference in the number of shortages is, of course,
of major importance in itself. It is achieved at no increase in out-of-
pocket costs. Further, if only the costs of priority action (assumed to
be $50) are considered, the reduction in shortages is worth $160,000. Thus,
the over-all cost of using the proposed policies is almost 40 percent less
than the cost using "67-1," strictly applied.

To summarize Table 6: With a 50-dollar shortage cost and a 30-day

pipeline, although the proposed policies bcall for larger stocks of Category

II and III items at base level and, hence, a larger annual cost for carrying

this investment, the reduction in routine reorders alone Jjust about makes

up for this additional investment cost. In addition, there is a very

large increase in the supply effectiveness. The number of shortages is cut

by nearly 80 percent, with the over-all support costs for these items reduced

by nearly 40 percent. Procurement costs are increased, but the cost of the

requisitions, both routine and priority, which follow is greatly reduced.
Now, instead of the 50-dollar shortage cost, which takes only the

cost of priority action into account and ignores the effects of shortages

on base performance, Table 7 reflects a 5000-dollar shortage cost, which

is large enough to take account of a substantial chance that a shortage

has a considerable impact on operational capability. The cost of holding

the Operating Stocks is not affected by the shortage cost and is again

$20,000 for the theoretical "67-1" system, and about $60,000 a year for
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the economical system. The amount of Safety and Pipeline Stock does not

550,000

3
$585,000

change for the "67-1" system with a change in the expected shortage cost,
because the "67-1" formulas make no adjustment for shortage costs. Hence,

the average value of stock-on-hand-or-due-in to the base, with a 30-day

Annual Cost

pipeline, is still $350,000 for the 167-1" system and has an annual keeping

30 days

cost of about $110,000 a year. The proposed policies do take shortage cost

into account. With a shortage cost of $5000, instead of $50, the proposed

420,000,000

policies increase the Safety and Pipeline Stocks by an amount large enough

to reduce the expected annual number of shortages from 840 to 8.40. Such

CO-PARISOI

Pipeline time

a reduction in shortages requires a large increase in base inventories of

Category II and III parts: $1,700,000 with a 5000-dollar shortage cost
versus $350,000 under the theoretical "67-1" system. Just as there is no

change in the Operating Stocks, so there is no change in the number of

1,285,000
Table 7.

routine reorders--since shortage cost does not enter the equation for Q.

— BASE LEVEL -

31,700,000

However, compared with the "67-1" system, the relative cost advantage of the

economical policies is even greater with a 5000-dollar shortage cost than

2
=]
=
v
&
v
x|
=]
5
£
2]
Q
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a
<
v
7]
2
E
=
3]

$5000.00

it is with a 50-dollar shortage cost. This is as one would expect, since

EF

it explicitly adjusts to the shortage cost.

THE PROFOSED POLICIES - ILLUSTRA'

$350,000

For $1.4 million in additional inventories, expected shortages are cut

from 4000 a year, under "67-1," to less than 10. If there is a 10 percent

Shortage cost

chance that a shortage will cause an AOCP and that on the average each

AOCP will last four days, 4000 shortages implies 1600 AOCP days, (.10)(4000)(4)=1600.

Cat IIT

In terms of the number of aircraft available for operations, a reduction in
expected shortages from 4000 to 8.4 would be equivalent to adding L.L
aircraft to the base. This can be thought of roughly as being equivalent

to making the administrative support aircraft operationally available.

Average Operating Stocks
Safety and Pipeline Stocks
Routine Reorders
Out-of-Pocket Costs
Annial Shortages

Total Costs

This additional effectiveness is bought for only $1l.4 million, or
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$1,400,000 = $320,000 per aircraft. This provides a clue as to the upper
[

1imif: on the shortage cost. If, in the judgment of the managers responsible
for operations and logistics support, this is too high a price to pay for

an additional operational aircraft, the shortage cost (under the assumptions
stated above in this paragraph) should be less than $5000. It is important

to repeat two things: first, these calculations are presented solely for

L days

purposes of illustration, and, second, the Air Force does not now in fact

follow "67-1" policies blindly, so the differences between the proposed
policies and present practice might well be smaller than these calculations

indicate, but they would certainly be in the direction indicated.l

Pipeline time

Tables 8 and 9 show the effect of a routine pipeline time of 4 days
instead of 30 days. Table 8 is similar to Table 6, except that the pipe-
line is reduced from 30 days to 4 days. Under both sets of policies, the
value of stock required is reduced: Under the "67-1" system it is reduced
from about $350,000 to only $200,000; under the economical policy, it is

reduced from $660,000 to about $350,000, a 40-to-50 percent reduction in

$50.00

each case. The Operating Stocks are unchanged by this change in pipeline;

EFFECTIVENESS AND COST UMNDER m67-1m AND

THE PROPOSED POLICIES - ILLUSTRATIVE COMPARISOXN
- BASE LEVEL -
Table 8.

the number of routine reorders a year are still 24,000 for M67-1" and 7000
for the economical system. With the 50-dollar shortage cost and the 4-day

pipeline, the "67-1" policies (if the l5-day safety level were maintained

Shortage cost

with the 4-day pipeline) would show slightly fewer shortages than the pro-

posed system.2 Because of the large reduction in the number of routine

lBase—De t Model Studies (The RAND Corporation Research Memorandum
RM-1803, 1 January 1957), cates that bases, in fact, hold more stock
than the "67-." system calls for; hence, adoption of the proposed policies
would result in a smaller increase in effectiveness than is shown in the
tables but would require a smaller addition to base inventories.

2The character of the shortage is drastically changed; however, under
"67-1" most of the shortages of items carried in stock would be for Category

;{I items; under the proposed policies almost all would be for Category II
items.

Average Operating Stocks
Safety and Pipeline Stocks
Routine Reorders
Out-of-Pocket Costs
Annual Shortages

Total Costs
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reorders, however, the cost of operating under the proposed system is still

about one-third less than the cost of operating under the "67-1" system.
It is desirable, under either the "67-1" system or the economical policies,
to pay something to reduce the pipeline time. It would be easier to reduce

the pipeline times with the proposed policies in use than with the ne7-1n

rules because the former call for a much smaller number of requisitions.

$120,000

With a 5000-dollar shortage cost and a 4-day pipeline, shown in Table 9,

41,100,000

the "67-1" policy would again have lower costs than with a 30-day pipeline,
but, since the proposed policies take shortage costs into account and

reduce shortages to an expected 8.4 per year, they would allow savings

Pipeline time = 4 days

E COMPARISON

of over $3.8 million a year, or over 90 per cent. Again, these savings

can be thought of as being equivalent to increasing the capability of the

base.

D. Summary

— BASE LEVEL -
Table 9.

This chapter has developed the approximation formulas for economical

stockage: Gilven the decision to stock an item at a base, reorder costs

35000.00

&
>

are balanced against holding costs to find the economical Order Quantity

a
]
7
)
£

.
[>
%
Q

o
g

E

%)
E
5
5l
[

5]

for any glven line item; and the expected gains from the shortages avoided

THE PROPOSED POLICIES - ILLUSTRAT:

-by having an added unit of Safety and Pipeline Stock are compared with

the cost of keeping that unit to determine the Reorder Point. The types

Shortage cost

of stock levels which result under a long and stable base program from the

g Stocks

ing

applicatinn of these principles have been examined, and the theoretical
effectiveness and costs of operating under the proposed policies have been
compared with those of the "67-1" policy under stable conditions. Appli-

cation of the proposed policies for Cost Category II and III items would

Safety and Pipeline Stocks

Average Operat:
Routine Reorders
Quv-of-Pocket Costs
Annual Shortages
otal Costs

increase base supply effectiveness markedly. Such an application would
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apparently require an increase in the value of base inventories in these
Cost Categorias,l but once it was installed and working it would also
greatly reduce the workload on base supply and on supply personnel at
depots or storafe sites by reducing the number and frequency of both
routine and priority requisitions.

The next chapter will examine how the proposed system operates when

account is taken of some of the dynamic aspects of base operation.

lpg 48 developed in Chapter VI, it is not clear that there would be &
net increase in the total value of system stocks of Categories II and III.

RM-1962
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III, DYNAMIC ADJUSTMENTS TO BASE LEVELS

The preceding Chapter assumed first that base programs (1.e., expected
mean demundsl for the items at a base) would be stable for a long time into
the future, But, in fact, weapons phase into and out of the Air Force and
individual bases.z A particular model or series of aircraft may be assigned
to a base for only two or three years (or even less) and there are always
some bases which are nearing the phase-out of some weapon.

Before implementing the proposed policies, it is necessary to look

into the effect that the phasing-in and -out of a weapon system may have

3
upon the proper levels of base stocks for parts peculiar to that weapon.

That is the subject of this Chapter. Spetifically, it will outline how
quantities for initial-support tables are found and how an approaching
phase-out of a base, or the short life of a program at a base, will alter

somewhat the economical Reorder Points and Order Quantities.

A, Quantities for Initial Base Support

In this section it will be assumed that bases convert to new weapons
at once -- or over very short spans of time. This appears to be realistic,
and for the lower-cost parts moderate deviations from this assumption will
cause only inconsequential over-stockage in the early months.h

lor course, the erratic deviations from the expected mean demand
were considered.

zstockfisch, J. A., Logistics Support During Phase-In of the F-102,(U)
The RAND Corporation, Research Memorandum RM-2166, May 2, 1958, p.l. (Secret)

3For parts common to many weapons, the program for a particular weapon
has 1ittle effect. Parts used on only two, or a few, weapons constitute a
borderline case requiring further examination.

"For the depot, of course, the corresponding assumption cannot be made;
in Chapter IV a method of taking account of the fact that demand increases
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To stock the first base the best available estimate of mean demand for
each item should be used and the base be stocked up to its Stock Control
Level for each. The equations or the tables should be used in determining
the levels. As will be discussed in the next section, some modification of
the formulation in the preceding chapter may be called for for very low-
demand, low-price parts.

The problem of how to get a usable estimate of the demand rates for
individual line items is a serious one; and it is beyond the scope of this
Research Memorandum. When the initial support tables for the first base
have to be computed, only sketchy information is available from limited
test experience, engineering estimates and experience with similar parts
in other applications. Such estimates are subject to wide error. For low-
cost items it is desirable to keep the probability of stockouts very small,
but for high-cost items it is appropriate to run a greater risk of shortage.
Therefore, in determining the initial-support tables for the first base,
Judgment should be applied to whatever engineering or other estimates are
available, "leaning toward the high side" for the cheapest parts and, if
anything, tending to underestimate demand for the more expensive items.

As a weapon program grows, after the activiation of the first units,
every effort should be made to adjust the initial demand estimate on the
basis of actual experience. As subsequent units or bases convert to the

new weapon, their initial support tables should be computed, taking account

during the early stages is explained. In the event that at any base the
major weapon is expected to phase in slowly, or to be slow in building up
to its normal level of activity, that method could be used for base stocking
during the phase-in. For most of the Category III parts, however, such re-
finement would probably be unnecessary.

M-1962
4-18-58
57—
of the demand experience at the first few bases converted. The errors in
the first demand estimates can be corrected in time to influence provisioning
expenditures only if the procurement leadtime is considerably shorter than
the period of phase-in of the weapon. If the leadtime is short enough to
permit adjustments in procurement to be made on the basis of improved
information, moderate over- or under-estimates of demand early in the phase-

in will not be very serious.

B. The Phase-Out or Short Program
The formulation (Equation 2) for the Reorder Point takes account of

the dynamic aspects of weapon phasing, because terminal obsolescence is
explicitly included in the keeping cost.lA

On the other hand, Equation 1, for the Order Quantity, does not take
account of the dynamics, since it is based on the assumption that the base
program will last indefinitely. This assumption is satisfactory whenever
the base can be expected to order the item several times in the future, in
which case no change is required. It is not accurate, however, if the base
can be expected to order the item only once or twice during the remainder
of the program.

For the lowest-price low-demand parts, the economical initial stock
may be so large that no reorder is expected during the life of the progra.m.2
Thus, for these items the initial stockage should take account of the length
of the program. Further, as the end of the program approaches, the routine

reorders for more and more parts will be such as to cover, or nearly cover,

LAppend ix I, D.

2
See, for example, the upper left cells in Table 3.




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9

4-1962
4-18-58
-59-

RM-1962
4-18-58
-58-

the needs through the expected remainder of the program. In this case,

too, the program life should be considered in determining the appropriate

Order Quantity.

The consideration of program life has two effects: First, it is desir-

able to reduce some Order Quantities to avoid excessive stockage for the

(remaining) short program. Second, it is desirable in certain other cases

to increase the Order Quantity to reduce the chance that additional orders

will need to be placed during the remainder of the program.

These points can best be explained with reference to Table 10. In the

upper left portion of the table, there are many Order Quantities which equal

several years! expected consumption. For example, the third cell in the

second column calls for an Order Quantity of from 5 to 14 years'! supply.

For a one- or two-year program this is excessive. On the other hand, the

fifth cell in the seventh column calls for an Order Quantity approximately

equal to one year's supply. It may be economical, if an order is needed

one year from the end of the program, to order a few more than the 46

units shown so as to reduce the risk of incurring an additional reorder

cost, still nearer to the end of the program. Thus, in some cases, as

the end of a program approaches, the Order Quantity should be reduced to

avoid excessive stockage and excessive terminal obsolescence, and in some

other cases increased to avoid the risk of excessive reorders.

Looking at the matter a little more formally: Since demand is typi-

cally erratic, a final shipment is the last shipment only with some degree

Table 10

of confidence, not with certainty. The larger the shipment, the greater

the probability that it will be the last shipment, and the greater the

number of units likely to be left over at the end of the program.

Sample Table of

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9

RM-1962
4-18-58
-60-

In finding the "final® Order Quantity, essentially the same sort of

problem must be faced as in setting the economical Reorder Point: each

additional unit in the "final" Order Quantity yields some expected savings

in future reorder costs by reducing the chance that a reorder will be needed,

but each additional unit must be bought and stored at the base, probably

until the end of the program.

The savings expected from each additional unit must be compared with

the expected cost of adding that unit to base stocks. If savings are less

1
than costs, the unit should not be shipped.

The effects of making the computation of the "final® Order Quantity

for items with various unit prices and demand rates are shown on Tablesll

and 12. These tables are all based on the cost assumptions of Table 3.

Table 10 might apply to a very long program or to common parts, e.g.,

commercial hardware. However, given the general uncertainty of Air Force

programs, there is little advantage in using a table for more than, say, a

five~year program. In that case, Table 10 should be adjusted to read as

2
Table 11 which shows the long-program Order Quantities crossed out and

replaced by those appropriate for a five-year program. Note that in Table

133

11 some of the Order Quantities have been adjusted upward and some downward.

3
With a one-year program, as in Table 12, the adjustments apply to

Tog 121

nearly half of the area shown on these tables. As the phase-out of the

1
For a more detajled statement, see Appendix I.E.

% MW W79

2
Table 11 has the same Order Quantities for the range of demands covered
as does Table 3 which is also a five-year table.

Table 11.

319

Table 12 summarizes the adjustments. Each long-program Order Quantity
appears in the upper left-hand corner of a cell. "Final" Order Quantities

.01~
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base becomes imminent (or at that point when the base will no longer find

the item useful), the "final® economical Order Quantity ultimately falls

to one.

As mentioned above, the computation for the Reorder Point in Chapter 2

took the length of the program into account through the allowance for ter-

minal obsolescence. This allowance is specifically included, even for the

stable case with a fairly long program, because an additional unit in the

199

Safety and Pipeline Stock is put at a base primarily for protection and,

172

in general, is not expected to be used. At the end of the program, this

additional unit must either be returned to the depot or disposed of. The

282 2w R
T 38

shorter the program remaining at the base, i.e., if the total program at

the base is of short duration or if the making of a replenishment shipment

237

is under consideration late in the base program, the more important will

be the terminal-obsolescence factor as a determinant of the cost of keeping

a unit of Safety and Pipeline Stocke The Reorder Point, however, remains

=
263 85| 255 101 |3 122

1
nearly constant until shortly before the base phases out, especially

285

since the Order Quantity declines as the phase-out approaches. The Reorder

68

259
154
(248 63

Point for all items at the base will become zero shortly before the base

phases out; for most of the items,in fact, just before the phase-out it

76 36 |T%0 18

are in the other corners: for the five-year program in the upper right; and
for the one-year program in the lower right-hand corner. For example,

in the cell "Annual Demand 6-12, Unit Price $.13 - .24," the long-program
Order Quantity is 57 units; the "final" Order Quantities are 73 for a pro-
gram of five years! duration and 25 for one year's duration.

39 25
%5 21 | 32

ical Base Order

2

Table 12.

1rhis result comes about because the Reorder Point depends, in part,
on the product of the keeping cost times the Order Quantity (cf. Equation 2).
During the period when the keeping cost is rising rapidly, the Order Quantity
is falling; hence, their product remains fairly stable.

= 15
25 13

amole Table of E
8
X6
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would become minus one, i.e., no requisition should be placed until the
base has an actual need.

Thus, with the proposed method of determining base stocks, it is pos-
sible to take account of the fact that weapons (and other end items) phase
into and out of the individual bases, as well as into and out of the Air
Forces

In determining the initial stockage for the first bases receiving a
particular weapon, only rough guesses of the demand for each part will be
available for use with this or any other stockage policys This is an un-
avoidable difficulty in Air Force supply. The proposed method, by taking
explicit account of the fact that demand is uncertain, provides better
results than a method which ignores the uncertainty of demand. Further,
every practical effort should be made to take account of the demand ex-
perience at the first bases in order to establish better initial stocks
at later bases. One of the chief aims and advantages of an integrated
data processing system should be to make it possible to take full advantage
of early actual experience in this manner. Even before there are data
processing centers integrated with both bases and depots, it may be possible
to accomplish a great deal through collecting more complete data on supply
experience early in the life of a weapon than is the practice later in
its life. The details of such a procedure are yet to be worked out.

Since the program for each base changes from time to time, there is
no certainty at any given date that the particular weapon at a base will
in fact remain there for the time indicated in the current program. There-
fore, no effort should be made to make precise adjustments by having, for

example, a different set of base tables for each possible program length
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from one to six or seven years. A practical rule might be to have one set
of Wlong-program" tables and, perhaps, two sets of N"ghort-program! tables.
The former might be based on a five-year program and the latter on a one
Jear program and a six- or three-month program.

Lastly, it should be noted that, for a very large proportion of all
line itemsl (l.e. those with very low demand rates and prices), no reorders
are expected to occur at all, because the initial Order Quantity consti-
tutes expected life-of-type stockage.. In many cases, the final Order
Quantities will never be used. Still, they should be computed, for other-
wise too large orders would be placed in those cases where, in fact, a
reorder is needed.

To summarize, it is necessary to take account of the phase-in and phase~
out of individual weapons in stocking the parts peculiar to them. For parts
common to several weapons this is, of course, not necessary. Since weapons
phase into each base abruptly, no gradual build-up of stocks during the
phase-in is desirable. The chief problem at first is to improve the estimate
of mean demand.

During the phase-out, or for short programs, it is desirable at each

base to take account of the approaching termination of the program. In

Equation 2 this is taken care of in computing R, b terminal obsol
is included in the keeping cost. For computing Q, a new formulation is
required (Equation I.36) which explicitly introduces the program life. For
purposes of base-level applications in a manual or EAM data processing sys-
tem, it is appropriate to have two or three sets of tables: one for a long

program of, say, five years; one for one year and perhaps one for six or

1
See Appendix II.
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three months of remaining program life. Such tables would show the Reorder

Point and the Stock Control Level for each of the program lives specified. IV. DEPOT OR STORAGE-SITE STOCKAGE

The methods developed so far seek to determine how much stock to put
at bases, when to reorder and how much to reorder at a time. Policies
for a stable case, in which the usefulness of the item is expected to con-
tinue for a long period into the future, and for the dynamic situations

of phase-in and phase-out have been discussed, Next comes the problem of

depotl or storage-site stockage. To set the depot levels, essentially the

same formulations as developed in Chapters II and III are applied. But
there are some important modifications. This chapter will describe these
modifications in general, and then treat the peculiarities of computing
the depot Order Quantity during the phase-in and phase-out of a program,
and the Reorder Point.

One might legitimately ask: Why stock depots at all; why not locate
all stocks at base level? This Memorandum will not explore the pros and
cons of the present base-depot supply structure, but two or three pertinent
remarks may be made. Basically, depots serve as buffers in the supply sys-
tem to absorb some of the shocks resulting from program change, demand
miscalculation and other uncertainties. They also act as pools of stock
which permit taking advantage of the economies of large buys, and which pro-
tect the system during the procurement leadtime. If bases were stocked so

as to provide individually the same amount of protection for the system,

1In this section, whenever "depot" is used, it is meant to include
storage sites but to exclude the maintenance and base-support functions
carried out at many depots and AMA's. The depot stocks are treated as
being a single pool, i.e., no rules are set up for distributing stocks
between prime and zonal depots or among storage sites.
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the total system stocks would have to be considerably larger than in the
case where bases can call upon depots for prompt resupply.

Further, there are some added costs in holding items at the base rather
than at the depot level. Probably the greatest of these derives from the
fact that with the present data processing and control, systems stocks
positioned at a base are not readily and systematically available for use
by other bases. With an integrated data processing system, it might be
possible to hold the equivalent of depot stocks at base level and to resupply
one base from another. Even in this case, unless a substantial portion of
base resources were devoted to depot-like activities, there would probably
persist a need for depot stockage.

In any event, one of the aims in developing the present policies is
to provide rules which will be practical in providing effective and econom-
ical support, not only with an integrated electronic data-processing system,
but also with the present system and, in addition, during the period of
transition to the new system. With the present and at least the near-term
future supply systems,it is necessary to develop rules for depot as well

as base stockage.

A+ The Equations
In simplest terms, the policy proposed for depot stockage is: Use the

Order Quantity and Reorder Point rules developed for base stockage with the
necessary modifications for application to depot. conditions. Athough effi-
cient stockage of depots is based fundamentally on the equations developed
in the preceding sections, there are some important differences. First,

as will be developed subsequently, the dynamics of weapon life have a much

more marked effect upon depot- than upon base-stockage rules. Second,
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the interpretation of the parameters in the equations {s somewhat different
for depot purposes from that appropriate for bases.
The ecuations are repeated here for convenience.

Q= l+-2hL3 , and

d d .
BEROY > ha il

or, in words:
A particular Reorder Point, R, is the economical Reorder Point
if the expected savings in shortage costs (s) from the last unit
in R are greater than the cost of keeping that unit, but the
additional cost of keeping one more unit (the R+lst$ is greater
than the expected additional savings from having that unit.
For purposes of depot stockage, the parameters are interpreted as
follows:
1. The appropriate r, reorder cost, is not the depot-to~base reorder
cost but rather the manufacturer-to-depot procurement reorder cost,
including both the Air Force administrative costs and the manufacturers!
setup costs, if applicable. (The setup costs may, of course, increase
markedly if and when the item goes out of production.)
2, The unit cost, v, is the same in both cases. Should the item go
out of production, the unit cost may, like r, increase.
3. The holding cost, h, again expressed as percent of the unit cost,
includes the same factors as the base-level holding cost, but there
may be measurable differences between the holding cost at the base ami
at the depot level.
Lo Similarly, the keeping cost, k, is qualitatively the same in both
cases, but significant known differences in the base and depot values

should again be exploited.
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5. The leadtime, over which the probability of a stockout is required
for Equation 2 is not the depot-to-base resupply time but is the pro-
curement leadtime, consisting of the Air Force administrative leadtime
and, if applicable, the manufacturers' setup time. Both will tend,
1ike r and v, to increase when the item goes out of production.
6. The depot shortage cost, s, is also considerably different from
the base shortage cost. Bya depot shortage is meant the inability to
meet all or any part of a base requisition.

The consequences of a depot shortage are quite different, depending
on whether the bases typically §tock the item in question. First,
whenever there i1s a demand on a depot for an item not stocked at base,
there is an existing or anticipated shortage atthe base. In this case,
a depot shortage will extend the base shortage, perhaps a great deal,
and the depot will have to take expedited action. If the item is
stocked at base, a depot shortage does not necessarily result in a
base shortage; its only consequence is a greater probability of base
shortages (and any resulting expediting action by the depot ).

In computing the depot shortage cost, attribute to the depot the
expected base shortage cost with shipment delayed. Subtract from this
the expected shortage cost at the base, when the depot makes prompt
shipment, because these shortage costs would be incurred even if there
were no depot shortage. Add the cost of any expedited action the depot
would undertake. That is:

Expected total Expected total Cost of
Depot of base short- of base short- expediting
shortage = age costs with age costs, even + action by

cost shipment delayed if depot makes depot
routine shipment
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7. Demand, d, appears in both equations. In depot stockage, the

appropriate "demand" is the (expected) system consumption rate for

nonreparable parts and the system condemnation rate for parts (ir
any) which are reparable only at the base level. However, as is
discussed below, a complication is introduced for the peculiar

parts by the dynamics of a weapon's life.

The depot stock levels appropriate for different kinds of parts differ
significantly, For parts peculiar to a particular end item, depot stockage
is influenced significantly by the dynamics of the phase-in and phase-out
of that end item. However, for parts common to several weapons or other
end items these dynamic aspects of particular end items can be ignored and
the equations used without modification, with the terms defined as above.
In general, the equations could be used in this way not only for common
parts but also for any other parts which are used to support a very long
stable program, for example, the B-47, the C-124, or, possibly, some of
the standard radio and radar sets, for the next few years.

Similarly, the equations could be used in a straightforward fashion
wherever management does not think it worthwhile to make the modifications
necessary to take account of the dynamic problems.

The number of line items, then, to which the equations can be applied
without modification is large and, probably, substantial economies in supply
workload can be achieved by applying these policies at the depot level as

well as at the base level.

B. Depot Stockage Under Dynamic Conditions
Depot stockage rules for peculiar parts should reflect the dynamics of

the program being supported. As mentioned in the preceding section, the
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values of r and v and of the pipeline time tend to increase substantially
and abruptly as the individual items go out of production. Also, the demand
rate to be used in computing depot levels will change from year to year as
the particular program grows or wanes. This can, of course, give rise to
some rather complicated problems in cases where the Order Quantity would
provide several years! support. Although these problems would require
elaborate computations for a theoretically ideal solution, it is necessary
to develop solutions for the less expensive items which provide reasonably
good answers without excessive expenditure of dollars or management time
per line item, Some rules are presented and described below which appear
to meet these criteria. Further research and, particularly, further develop-
ment in implementing them are desirable ax;d will almost certainly result in
improvement; as of now they seem to be practical and a considerable improve-
ment over present methods.

At the beginning of the program, the depot should stock up to its
Stock Control Level those parts for which it is expected that the bases will
make demands upon the depot early in the program. For most of the line
items, however, the initial base stocks will provide several years' support.
Hence, for the first year or more, the basic requirement for depot stocks
will be to take advantage of bulk buys in some cases only and, more important,
to provide protection during the procurement leadtime and to provide protec-

tion against gross errors in estimating demand. Therefore, logically, the

2
depots need stock only up td their Reorder Point. If direct shipment to

Isee Table 3 and Appendix III.

2Mis statement will be expanded and modified below.
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the early bases is economical, relatively little depot stockage is required

at first for the low-cost, low-demand items. In one sense, then, the first

problem is to determine the dopot Reorder Point, but since that depends on

the Order Quantity, the latter will be discussed first.

The following discussion is rather involved because there are several
contingencies which must be covered as alternative situations. Readers

who do not wish to follow through the detail of the next two sections, may

skip to Section E where the main points are summarized.

C. Depot Order Quantities

1. The General Procedure: In the case of common parts there are
relatively few problems of stocking depots according to the princi.ples
developed in this study, and the procedures outlined in Section A above
are appropriate, But for parts peculiar to particular weapons or other
end items the holding cost, reorder cost and particularly the annual demand
rate may change very markedly during the program. These changes give rise
to some difficulties.

Since the computed Order Quantity depends upon the annual demand rate
and since the annual demand rate can be expected to change during the
operating history of the end item, there is a problem of determining the
appropriate demand rate to use in computing Q for each phase in the program.
Once the rate has been determined, an initial estimate of the Order Quantity
is to be computed. That estimate may subsequently have to be modified
through a final Order Quantity computation which takes account of the re-
maining life of the program and a computation to take account of the fact
that when the individual part goes out of produciion, both r and v tend

to rise.
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2. Determining the Appropriate Demand Rate: Before even the "initial 75~

estimate™ can be calculated, however, the ngppropriate demand rate must be
so will R in some cases, than they would be if the expected demand later

selected. Theoretically this is a complex problem, but it can be resolved
1 in the phase-in were used. The significance of such under- or over-estimates
practically by applying some reasonable if arbitrary rule.
depends very much upon whether the depot is stocked up to its Stock Control
Although system demand for most parts appears to follow the general
Level or only up to its Reorder Point (plus, perhaps, some additional pro-
rise and fall of the programs to which they apply, demand can be predicted
tection). During the phase-out, an Order Quantity computed on the basis
only very crudely at the beginning of a programe. Since the value of Q
of one particular year's demand rate might be far too great on the basis
depends upon the demand rate and since demand tends to rise as the program
of the demands expected in the succeeding years. Without a rather elaborate
increases, if the Order Quantity were computed on the basis of the demand
iterative process it would be only a coincidence if the "correct" demand
expected very early, say, during the first year of a program, the resulting
rate, i.e., the expected demand at the "correct" time in the program, were
Q might be too small. As a result, the reorder cost would be incurred too
chosen for computing Q.
many times and the depot Reorder Point would be too large. On the other
The discussion of the effects of using a particular demand rate is
hand, determining Q on the basis of too late (and hence too large) a demand
complex out of proportion to its importance and certainly out of proportion
rate, would cause errors in the other direction. The first step is to
to the simple rules which seem adequate for use in early implementation.
try to understand the problem and its consequences.
The complexity arises from the fact that many alternative situations must
For the lowest value, lowest demand parts the Order Quantity is several
be covered in the discussion, and unless they are mentioned it is impossible
times the annual demand rate used in computing it. Therefore, there can be
to see either the need for considering the problem at all or the reason-
inconsistency in the expected operating period on the basis of the demand
ableness of the rules suggested. In the pavagraphs which follow the effects
rate used in computing Q and the operating period realized, simply because
of underestimating demand -- which is a potential problem during the phase-
the expected annual demand rate changes as the program grows (or declines).
in -- will be discussed, Then the problem of overestimating demand, which
In addition there are, of course, the uncertainties associated with the
is more likely to occur in the phase-out, is covered.
variance of demand around the mean.

a. Let us look at errors of underestimation of dema.ndl- first,

During the phase-in, the annual demand rate is expected to rise from

ear . If f tin demand dat 1y in th
year to year or computing Q as of some date Very early in the Lpor purposes of this immediate discussion demand will be said to be

ttynderestimated" when the annual demand rate used in computing levels is less
than the demand rate is expected to be at the date when the Operating Stocks
gE so computed) would be used up if during the operating period the average
It should be emphasized that more research is needed to determine 4 annual demand in fact equalled the demand rate used in the computation. Demand
very good rules. . 5 will be said to be "overestimated" in the opposite case, namely, when the
demand rate is greater than the demand rate is expected to be at the date at
which the Operating Stocks would be used up if during the operating period
the average annual demand in fact equalled the demand rate used in the computation.

program is used, Q will be smaller, and (as is discussed in the next section)
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in the case where at the beginning of the programl depots are to be stocked .
up to their Stock Control Level. Suppose that the expected demand rate for
the mid-point of the first year is used for determining Q; suppose also that
on that basis a depot Operating Stock apparently adequate for two years is
obtained.2 Then, as will be discussed below, the Reorder Point would be
set on the basis of the demand expected at the end of two years. However,
since the program is growing, the total demand through the two years that
the Operating Stocks are supposed to cover will in fact be more than that
used in computing Q, and stocks will run out before the predicted two years
have elapsed. Then, at the time when it will actually be needed, the Safety
and Pipeline Stock will be too large, having been computed on the basis of
demand at the end of two years; hence, there will be too large an investment
in the Safety and Pipeline Stocks. Further, too many depot reorders will
have to be placed and excessive reorder costs incurred.

The consequences of these inaccuracies are not as serious as might
appear from the complexity of tracing them out. The case where the depot

is to stock up to its Stock Control Level very early in the program and

11!‘ the depot were stocked initially up to its Stock Control Level only
for those items for which the bases were expected to hit their Reorder Points
within three months, this would cover those items with an expected base-level
annual demand of $800 or more. If the cut-off were six months, this would
cover items with an annual base-level demand of $200 or more. Assuming 10
bases in the system these represent items with an annual mature program expected
demand of $8,000 and $2,000 respectively. An examination of the tables in
Appendix III indicates that the great majority of the line items have base-level
annual demands of less than $200 and, of course, even more have less than $800
per year.

2

With a reorder cost of $200 and a holding cost of 20 per cent, this would
rasult: for a part with an expected system demand of 100 per year and a price
of $5'or for all parts with annual value of system demand of $500,

|
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where the demand rate used in computing Q is "too small" can arise only
when the computed operating period is substantially longer than that for
which the Operating Stocks will in fact last. Long operating periods, say
of more than a year, occur only in the cases of parts for which the value
of issues (demand times unit cost) is low.l On the other hand, the depot
should not normally stock up to its full Stock Control Level except for
items for which an early demand from the bases can be reasonably expected,
that is, for those items for which the base operating period is small, say
less than six months. These are items for which the annual value of base-
level demand is expected to be relatively large, more than $200 per base
under the assumptions of Table 3. The band of line items for which this
problem could arise, therefore, is very small. Further, although reorder
costs are too high when the Order Quantity is too low, there is a partially
offsetting reduction in holding costs.

Since during the very early part of the program the estimates of demand
are very inaccurate, there is actually some advantage in keeping depot stocks
low in case demand per weapon-month, or per flying hour, has been overestimated.
On the other hand, there is little risk of serious trouble in the event that
demand has been underestimated, because the production leadtime should be
relatively short, and, as will be discussed below, there are ways of providing
additional depot protection during the phase-~in.

An examination of several arithmetic examples indicates that, even
leaving aside the possibility of errors in predicting the mean demand, erring

1w1t.h a reorder cost of $200 and a holding cost of 20 percent,the depot

operating period exceeds two years only in cases where the annual value of
system demand is less than $500.
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on the side of using "too early" a demand estimate leads to very small
extra costs over the optimal policies. The additional advantage of having
an opportunity to obtain some demand experience before the major buys are
made means that, on balance, it is probably wise to compute the Order Quantity
on the basis of demand early in the program and then to recompute it each
time the Reorder Point is reached, or (with an integrated data-processing
system) whenever it has been determined that the demand is markedly different
from the original prediction. It seems reasonable, therefore, to take
initially the annual demand as of some date early in the program, such as
the production leadtime plus.one year from the date of the computation for
parts costing less than $10 and plus six months for parts costing more
than that.

In the case where the depot is not to be stocked up to its Stock
Control Level at the beginning of the program, underestimating demand in
this sense can be avoided altogether. The demand expected at the time when
bases begin to make demands upon the depot should be used.

b. If at some point in the program, the operating period is long
enough to extend beyond the peak of the program, the danger of overstating
demand becomes more important. Account should be taken of the fact that
the demand per calendar-month will decrease, even if the demand per aircraft-
or missile-month or per flying-hour should remain constant. To illustrate
the point, suppose that the depot hits its Reorder Point for some particular
item during the peak year of the program. Suppose further that the price
of the item and +he other factors in Equation 1 are such that Q equals

1
three.years! supply at the peak demand rate. If the program were to taper

1Assuming a depot reorder cost of $200 and a holding cost of 20 per cent
such an operatingrperiod of t%0 _ years or more would occur for items having
an annual value o

’
demand of 500 system-wide.

B G

i
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off fast from the peak, if it were, for example, to be reduced by one-half
the peak strength in each of the succeeding two years, the Operating Stocks
computed in this way would be clearly excessive. The same situation could,
of course, arise at other points in the program and for the very cheap, very
low-demand parts it could, in fact, arise before the peak period.

This problem is managed by introducing a "final buy" rule, which is
discussed below.

3. Adjusting for the Rise in Price and Reorder Cost as the End of
Production Occurs: It is desirable that the Air Force obtain information
from the contractor about the pending termination of production of many
items in time for the Air Force to buy at the "present" price and "present"
reorder cost. With this information, the Order Quantity should be recomputed
one procurement leadtime before the termination of production. The problem
is to determine whether to buy "now" to avoid (or, more precisely, to increase
the chance of avoiding) the higher costs of buying later. This implies
balancing the risk of having to buy later, incurring the higher reorder
cost and (possibly higher) price, against the cost of holding an additional
unit in the Operating Stocks from now until the time when the new order
would have to be placed.

The procedure is as follows: Using the pre-termination price and
the post-termination reorder cost, compute Q. If this value of Q equals or
exceeds two-thirds the total expected demand for the rest of the program,
compute a "final buy" quantity, also using the post-termination values of
v and r, and use it. If this Order Quantity is less than two-thirds the
total demand for the remainder of the program, use it as the Order Quantity.
For most items it appears that the final buy will in fact be made at or

before the termination of production of the items in question.
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It may not always be possible to get the information necessary to
determine the time of termination of all items, or the relevant cost factors
when they do in fact go out of production. In many cases, it is not neces~
sary to have such information, because relatively early in the program a
1ife-of-type buy will be called for, even on the basis of the lower in-
production reorder cost. In cases where the information would be desirable
but is not available, the appropriate manager must simply exercise judgment
as to whether to continue using whatever the current unit cost and reorder
cost are or to introduce some arbitrary rule, such as recomputing one year
before the termination of the production of the end item on the assumption
that reorder costs and prices will rise by some estimated amount. Certainly,
for Category II parts at least, such termination information should be
required in any integrated data processing aystem.

Lo The Final Buy Quantity: If at any time during the life of the
program being supported the Order Quantity exceeds two-thirds the expected
total demand for the remainder of the program, a Final Buy computation
should be made. The occasion for this has been discussed briefly in the
preceding subsections. There are some important differences between the
computation of the base Final Order Quantity (Ql‘) and the depot Final Buy
Quantity (O,E).

First, in determining whether to make the Final Buy computation, the
Order Quantity should be compared not with the product of the current annual
demand rate times the years remaining in the program, as in the base case;
but it should be compared with the sum of the expected annual demands

throughout the remainder of the program, taking account of the fact that
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the expected annual demand changes during the rise and fall of the p!‘ogz‘am.l
This, of course, arises from the difference between phasing a weapon into
and out of the system and converting individual bases.

As will be developed in the next section, the demand rate to be used
in computing R is based upon the expected system demand rate at the time
when the depot Safety and Pipeline Stocks are expected to be used. The
depot Final Buy Quantity provides essentially remaining life-of-type
Operating Stocks and consequently, the depot Reorder Point is not expected
to be reached at all-2 To put it another way, the depot Reorder Point is
not expected to be reached until the system demand has fallen to zero,
hence the Reorder Point would tend to be zaro.3 This introduces an entirely
new element into the Final Order Quantity computation.

The Final Order Quantity for the base is derived from equation (I.36)
of Appendix I,

(1.36) r'P h* > r'p
QF~1> %

where: Qp = the economical Final Order Quantity;

lw‘nereas the relevant comparison for the base is Q 22 dn, where
n = the number of years remaining in the program; the relevant comparison
for the depot case is n
23

2

There is, of course, some probability that the depot Operating Stocks
will be used up and the Reorder Point reached. The probability is greater
the higher the cost of the item, all else equal.

3 There appears to be no particularly useful way of treating the expected
mean demand as zero and computing a Reorder Point to take account of the
positive deviations from such a mean.
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ht = the discounted cost of holding one unit
from now until the end of the program;

r' = the discounted cost of a shipment of one unit
at the end of the program;

PQ the probability of Qp or more demands between
F  now and the end of the program.

Three modifications in this are required for the computation of the
Final Buy Quantity. The depot would logically have no Safety and Pipeline
Stocks if it were holding life-of-type Operating Stocks. Hence, any demand
upon the depot greater than QB would, if no stocks could be shifted from
other tasks, cause a depot shortage as well as a new procurement. Further,
unless some other action can be taken, the shortage will last throughout
the procurement leadtime, which near the end of the program will typically
be relatively long since peculiar items will by that time normally be out

of production. Consequently, (I.36) should be rewritten asl

(%) (s* + r')PQB N >ht > (st 4 rv)PQB

where: 8! = the discounted depot shortage cost taking account
of the fact that the shortage would last throughout
the post-termination leadtime.
QB = the Final Buy Quantity

PQ = the probability of Qgor more demands between now and
B the end of the program.

In interpreting ecuation (4) the reorder cost should always be taken
as the post-termination reorder cost since Q‘B would normally be exhausted
only very late in the program. The unit cost, used in determining h'
(Appendix I), should be the pre-termination price if the Final Buy is in fant
].'A small error is introduced in this formulation since the shortage cost

would be incurred only if the demands in the rest of the program exceed QB
while the reorder costs are incurred if demand exceeds QB 1°
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to be made before the termination of production. Otherwise, it should, of

course, be the post-termination price.

D. Depot Reorder Points
Now that the determination of the depot Order Quantity under various

conditions has been described, we can discuss the depot Reorder Point com-
putation. The general policy to be applied in the determination of depot
Reorder Points is to use the equation (2) used for the determination of
base Reorder Points, with those modifications necessary to make it fit the
depot problem. The differences in the interpretation of the factors in the
equation have been outlined above. There‘ remain only three central problems,
all related to the dynamlcs of the program of the end items being supported.
They are: (1) the determination of what demand rate to use in the computa-
tion of R; (2) the effect of the termination of production of the item upon
Rj and (3) the appropriate R to use in the event that, at any point in the
program, bases have life-of-type Operating Stocks.

1. Determining the Appropriate Demand Rate: As in the case of computing
Q, there is a problem of deciding what demand rate to use in computing R.
The Qize of R depends upon the demand rate used; in a growing program, it
will be smaller if demand expected in the first year should be used than
4f demand for the third or fourth year were used. Later in the program,
demand rate at the peak of the program would call for a larger R than would
demand near the end of the phase-out. Of course, the demand rate to use is
the expected demand rate at the time when the depot is expected to reach its
Reorder Point.

a. For those parts where the depot will stock up to the Stock Control Level
at the beginning of the program, the important date is that date at which
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the depot Order Quantity is expected to be exhausted, as that is the time
when the Safety and Pipeline Stocks probably will be needed. In this case
the depot operating period determines the appropriate system demand rate
for determining the depot Reorder Point. In other words, using the program
information for the date at which the depot Order Quantity is expected to
be consumed, estimate the system demand rate and from it derive the depot
Reorder Point.

For those parts which the depot will not stock up to its Stock Contro)
Level early in the phase-in, the relevant date in determining R is that at

which demands on the depot mey first be expected from the bases. Therefore,
taking the program level expected at the time when the first base to be
phased inlis expected to reach its Reorder Point, estimate system demand
for the item in question. Compute the depot Reorder Point on the basis of
that demand estimate. In this way, the depot Reorder Point is made consis~
tent with the expected system demand at the time when orders will probably

be placed against the depot.
For some items this procedure will result in depot Reorder Points

2
based upon expected demand rates late in the program.” Since, at the time

of initial stockage, demand late in the program is most uncertain, this

proposal must be examined more closely. Taking two extreme situations:

lIl‘ for any reason some operating base other than the first is expected
to use up its Operating Stocks earlier than the first, the relevant date
is, of course, the date at which that base is expected to hit its Reorder
Point. This does not appear to be a case of major practical importance.

2'I'he natural tendency to provide ample base stockage for a new weapon
will cause this to be true in more cases than are indicated in the Tables
or in.Equation (1), because this tendency has the same effect as an over-
estimate of base demand rates.
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(1) Suppose, first, that the first base is expected to require resupply
at the peak of the program. Then, the depot Reorder Point would be com-
puted on the basis of the highest system demand expected for the entire
program. At first glance this may seem to be a source of serious over-
stockages More careful examination indicates that, unless demand per program
element is badly overestimated in determining R, this is not apt to be the
case for three reasons. First this situation typically will arise only
for the low-value, low-demand items, so any overstockage is not likely to
be serious in dollar terms. Second, for such items the Reorder Point
usually constitutes only a small fraction of the Stock Control Level., Third,
if there is a demand against the depot at that time, part of the (large)
Safety and Pipeline Stocks will be used to fill the base order or orders
and a new Order Quantity and Reorder Point will be computed.

The real problems arise only if demand per program element has been
seriously overestimated. During the phase-in, it should be possible to
adjust the Reorder Point to reflect the demand actually experienced during
the early part of the phase-in. With the present manual data processing
system this could be done only imperfectly but it is not impossible. It
appears to be highly desirable to increase the data-gathering at the first
bases 1ssuing any new weapon and, absent even that, it might be possible to
catch the worst errors from the Stock Balance and Consumption Reportse

For a program phasing in over three years, the occurrence of the first
demand against the depot at the program peak could arise (under the assump-
tions of Table 3) for items with an annual value of issues of $5.50. This
group of parts accounts for only a small fraction of the dollars invested

in inventory but for a modest proportion of the line items.
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(2) Take as the second extreme the case where bases are initially
stooked with life-of~type stocks; this procedure (of setting R by rising
the demand expected when a base first orders on the depot) would, of course,
result logically in zero depot Reorder Points — the bases would be expected
to reach their Reorder Points when system demand should be zero.

Early in the program, when demand estimates are very unreliable and
when there are few bases from which the part might be drawn if demand were
far higher than estimated, it is clearly risky to operate with no depot
stocks. On the other hand, there is at least as good a chance that future
demands will have been overestimated as underestimated, so there is some
advantage in limiting depot stocks. There are many ways of meeting this
situation (which, of course, will arise only in the case of very inexpensive
itemal). One simple way is to bring into the depot at the beginning of the
program the full amount of the Stock Control Level for one or two of the
bases which will receive the weapon late in the phase-in. In this way, the
system has some degree of protection should the demands at the first few bases
prove so much greater than expected that they must be resupplied early. At
the same time, should the demand prediction turn out to be roughly correct or
overestimated, the depot can ship out to the later bases the stocks brought
in for them and no extra procurement need be incurred. Further, if informa-
tion that demand has been greatly overestimated is made available to the

appropriate manager early in the phase-in, he may be able to curtail the

1or. Table 3.
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orders outstanding and use the depot stocks, which were originally earmarked
for, say, the lasttwo bases to be phased in, to support several bases earlier
in the phase~in.

There remains the problem of determining the Reorder Point later in
the program. Once demands are made against the depot by the bases, the
depot should be stocked up to the Stock Control Level, and the earlier
descyiption of how the depot Reorder Point should be determined, using
expected system demand atthe end of the depot operating period, applies
except that the termination of production should be taken into account.

2. Termination of Production: Once the item goes out of production,
the Reorder Point should be high enough to provide adequate protection
through the longer procurement leadtime, any increase in price will have a
(probably slight) offsetting tendency. The increase in reorder cost will
have only an indirect effect through increasing Q, and hence slightly
decreasing R« One procurement leadtime before the termination of productim
of the item, the Reorder Point should be computed, using the projected post-
production leadtime, price and Q determined with the post-procurement values.
The appropriate demand rate is the rate expected to be in effect one operating
period after the termination of production. R and Q computed in this way
provide the Stock Control Level for the period after the end of production.
If the stocks on hand in the depot one procurement leadtime before the end

of production are less than the new Reorder Point (plus expected depot issues

prior to the termination of production), a buy equal to the difference between

the new Stock Control Level and the expected depot assets at the end of
production should be made atthe in-production prices.

3. Depot R's and Base QF'_s: One contingency remains to be discussed.
What should be the depot R after the initial phase-in if the bases are holding
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life-of-type Operating Stocks? The logic of the argument of this chapter
calls for a zero Reorder Point under these conditions and, possibly, no
depot Operating Stocks either. This is too risky. Early in the program
the system could be adequately prd ected as discussed above by the stocks
held at the depot for bases phasing in late. During the phase-out, some
assets could be returned to the depot to constitute a system reserve. There
remains the problem of the mid-range of a program. Here it appears that
the appropriate policy might be to hold back from some of the bases their
full life-of-type Operating Stocks or to rely on redistribution between
bases to cover individual base shortages. This is an area in which manage-
ment will have to exercise judgment until a practical and reasonably rigorous

solution is worked out. .

E. Summary of Depot Stockage Policies
In general, the stockage rules developed in Chapters II and III for

base stockage are taken over and modified to develop depot stockage rules.
Some redefinition of terms is needed to make the formulations fit the depot
situation, but the chief problems of developing depot rules are associated
with the dynamic aspects of the growth and decline of weapon system and
other end-item programs.

Because of the dominance of the dynamic aspects of depot stockage, no
simple static comparison between the present and proposed policies such as
was presented for the base situation in Tables 6-9 would be of value. The
overall effect of applying the proposed policies at the depot level would
appear to involve reduced stocks of the relatively high-cost, high-demand
items, because of the weight given to the cost of holding and keeping them

in the system.

RM-1962
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Early in the program, at least, there should be a similar reduction
of depot stocks of the great bulk of low-cost, low-demand items. This fol-
Jows from the fact that the proposed policies explicitly take account of
the fact that the bases should be stocked with up to several years! expected
consumption of such items. Early in the program the depot stocks of such

items should be very small and, assuming that it is feasible to have direct

shipment to the bases, should remain small for many of these items during

most of the phase-in.

Later in the program the depot stocks of such items would theoretically
be greater than in the present system and the frequency of reordering them
from the manufacturers would be correspondingly decreased. As individual
items go out of production, a terminal buy is called for and its net effects
as compared to the terminal buys in the present practice are impossible to
determine at this point.

In order for the system to operate at maximum effectiveness, there is
a real need for better information coming from the earliest operational
locations of a new weapon or other end item to the managers, because much
of the economy of depot stockage depends upon being able to react in a
period of a few months.

The stockage of common parts at the depot levels presents no great
problems because of the fact that the dynamics of a particular program are not
apt to influence significantly the consumption of common items. All that
is required in this case is that the equation de'veloped for base stockage
be interpreted to reflect the depot situation. Thus, the reorder cost is
the procurement reorder cost, the relevant pipeline time is theprocurement

leadtime, the shortage cost is the cost of overcoming a shortage at the depot

and the pertinent demand rate is the system ption or d tion rate.
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For purposes of ‘illustration, the following three tables (13-15) trace
out without elaboration or qualification the major steps, questions and
decisions for depot stockage of items peculiar to particular end items.

The appropriate initial depot stockage (Table 13) for an item will
depend upon the depth to which the bases are initially stocked, and second-
arily upon the size of the depot Order Quantity and the total expected con-
sumption of the item during the program. If the stocks at the first bases
are expected to last for a relatively long period, say in excess of six
months, the depot need only stock up to its Reorder Point plus some addi-
tional protection such as the Stock Control Levels of one or two bases.

If the base stocks are initially so small that the depot can expect to have
demands placed against it in the first few months of the program, the depot
should stock up to its Stock Control Level initially. In the unlikely event
that the bases might have short operating periods but the depot Order Quan-
tity is large relative to the expected issues throughout the program, the
depot should stock only a Final Buy Quantity.

Later in the program when the base receives an order or request to
ship to a base, Table 1%, it should normally make the issue unless doing
so will cause a shortage at the depot. If the issue carries the depot's
stocks to or below the Reorder Point, the depot should compute its own Order
Quantity using the system demand expected in the relatively near future.

If the item can still be obtained at the pre-termination price and reorder
cost, Q should be computed using those values of v and rjif not,the post-
termination values should be used. Once Q is computed, a determination

should be made as to whether to make a Final Buy computation. If so, that
is the amount to be stocked. It should be noted that the depot Final Buy

@ 50-Yr 2013/10/25 :
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no

Compute Q using system
demand at procurement
leadtime plus one year
for Cat III items plns
6 mos. for other items

Get estimates

of post~termination
rand t if
available

5
cyes—| 10 3524 ¢

Arcearly base Q'S 7 |__yes —»
6 mo. base demand?

At what date is first
depot demand expected
from base?

Compute R using the
operating period de-
rived above and system|
demand at the end of

that period

Compute Q
B

no

Compute R using Q and
demand as described above

|

Stock R plus Q

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9

Stock at depot R as
computed plus SCL for
two bases expected to
phase in late in the
program.




RM-1962
4-18-58
~92-

Declassified in Part - Sanitized Cop

Table 14

Depot Reaction to a Base Order

Will filling the | no ;-
issue

Make ad hoc
decision as ye
to how to_handlef €

the order

L}

order carry stocks
to or below R?

yes
Will it carry stock no. >
to _below zero?

Determine expected
system demand 1 yr.
or 6 mo. plus lead:
time in the future

Compute Q with post-le n, [Can item still be
termination values ibought at in-production
of v and r

v_and r?

yLa

an 1tem still be bought atf
pre-termination values of
Y and r?

yes o
v\& .

Is Q »

no

Compute Q with those
values of v and r

ompute QB Compute QB with
with post- [post~term.

fterm. r and values of r & V|
re-term. v

Stock QB

lralls outside the scopeof this Research Memorandum

At the end of the
loperating period, can

Compute R using the
system demand rate

item be bought at pr
(term. _values of v & rj

no

at the time Q is
expected to be ex-
hausted and using
the pre-term. values
of r, t and v.

Compute R using the
system demand rate at
ithe time Q is expected
ito be exhausted and

lof r, t and v.

using post-term. valued

Stock Q plus R
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pon receipt of information tha

r, v and t will increase at a

ldate one procurement leadtime
in the future
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Compute Q using pre ~termination
rice & post-termination reorder cost.

2 n
1s @35 a?
T

no

etermine expected systen
emand rate when Q is ex~
cted to_be exhausted.

Compute R using that
demand rate and the post-
ftermination values of
c, v and t.

s stock on hand plus
ue-in 7 R?

no

[Buy up to Q +

ompute QB using post-
term. values of r, v &

[[s stock on
hand plus
due-in

Qg?

0

1
hauy up to Qﬂ

Loriterta for disposal’are outside the scope of this Research Memorandum.
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computation takes account of the risk of incurring a depot shortage. If
a Final Buy is not appropriate, a new Reorder Point is to be computed with
the appropriate values of r, t and v and the depot should bring its stock
on hand and due-in up to the new Stock Control Level.

At least for the higher value Category II items, but if possible for
all items, it is desirable to recompute the levels shortly before the item
is scheduled to go out of production so that the Air Force may buy at the
pre-termination prices and reorder costs. The post-termination values
of r, t and v should be used in computing R and Q and, if appropriate, in
computing QB' The depot stocks should be brought up to the sum of R and Q

or to Qg as appropriate; Table 15 illustrates the steps involved.
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V. DATA REQUIREMENTS

Any inventory policy requires data if it is to operate. The purpose
of this chapter is to describe the data needs of the propcsed.policies
and to discuss the sensitivity of the policies to inaccuracies in the data.
By understanding the latter a reasonable judgement can be made about the
effort that should be devoted to improving the accuracy of each kind of
datae

It is not intended to discuss systematically here how to make the
required estimates, nor will the sources of the data in the Air Force,
the information flows or the data manipulations be treated. At present,
joint efforts to determine some of the parameter values are under way by
personnel from RAND, from the AMC Directorates of Plans and Programs and
of Supply with some assistance from Comptroller personnel. It appears
that adequate data and estimates can be obtained without excessive
cost or delay. The policies will operate far more effectively with an
integrated electronic data-processing system than with the present
predominantly manual and mechanical system. However, even with present
data processing the pfopcsed policies should result in considerably more
effective and economical stockage than do the present practices.

For the purposes of applying the equations, the data requirements
may be classified as follows:

1. Identifying and program information 6. Reorder cost

2. Demand Data 7. Shortage cost

Pipeline Time
Holding cost

Keeping cost
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These are the parameters required for solving Equations 1 and 2 and
for setting the "final" Order Quantity. Explicit information on demand
and on pipeline times is required by the "67-1t gystem also. The "67-11

policy parameters carry implicit assumptions about the other variables.

A. Sensitivity

Before discussing further the kinds of data required, it is worth
considering the accuracy with which the various parameters need be de-
termined. None of them can be determined with perfect accuracy. Demand
and shortage cost are particularly hard to estimate. Even unit cost,
which at first glance seems very straightforward, is not, for the cost
that we would like to have is the value of the item to the Air Force at the
time a stockage decision is being made. The cost information available
is usually the price at which the item was last purchased. Since the price
may haye risen or fallen since then, the last price is only an estimate of
the cost of purchasing the item now. Further, for items in short supply
the actual value to the Air. Force may be a great deal more than the
current purchase price, and for items on which disposal action is appropri-
ate the value to the Air Force and on the market may be much less than the
purchase cost new. This illustration is presented here merely to show that
at best any value for the parameters will be an estimate.

Also, it is relatively easy to get good estimates of some parameters
and much harder to get good ones of others. One of the common problems
in applying improved management techniques is, in fact, that the costs of
getting the necessary information may exceed the value of the improvements.
One should not spend more effort and money in estimating any particular

parameter than it is worth.

@ 50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9
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Tables 16-19 summarizo sensitivity informatlon to provide some guldance
on the importance of accuracy of the different variables. Tables 16 and 18
use a 30-day pipeline time and Tables 17 and 19 a L-day pipeline time.
Tables 16 and 17 cover a moderately low demand case: an annual demand of ten
units per base year. The tables are based upon the distribution of demands
and prices shown in Table I of Appendix III. They show the percentage
increase in cost resulting from using a wrong estimate of each parameter in
setting base levels. In computing the tables values were assumed as true
values for all the parameters in equations (1) and (2); then R, Q and the
total system cost were determined with the approximate equations, given those
values. The results and the percentage increase in cost over the exact
equations appear at the top and bottom respectively of each table. R and Q
were then determined, with one parameter "estimated" at twice or half its
true value. The costs of using this R and Q in the face of the "true" para-
meter value were determined and compared with the cost realized with R and Q
computed using the true value. The percentage deviation of the "erroneous"
cost from the true cost is shovm in each table.t

’ The upper portion of each table shows those errors which tend to increase

stockage above what it should be, and the lower portions show those which tend

to reduce stockage. Thus, an over-estimate of demand and an under-estimate

of price are both in the upper portions. In nearly all the cases shown,
errors causing over-stockage are less costly than are the corresponding
errors resulting in under-stockage.

Isince the comparison is made using the approximate formulas in a few
cases, where the error in the estimate results in levels closer to those which

would' have been obtained with the accurate equations, the use of an erroneous
value actually decreases cost.
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-98- Table 16. Sensitivity Table (using a Five Year
Program and a Correct Yearly Demand of 10)

30 Day Pipeline

Approved for Release @

The Correct The Solution of the Approximation Formulas
Input Data using Correct Input Data.

Unit Value = v $ .30 $ 4.80 $300.00
Cost Per Year $ 3.7 $23.79 $245.87

Erroneous The Solution with Input Errors Which Cause
Input Data an “Increass im the Average Stock Level.
% Increase in the Cosk Per Year

Yearly Demands = 2d 8.6 8.7 9.8

Reorder Cost = 2r 6.7 ~h1 ~Lhib

Unit Value = 3v 7.8 -1,1 - 3.9
Shortage Cost = 28 1.6 2.9 2.4

Erroneous The Solution with Input Errors Which Cause
Input Data a Decrease in the Average Stock Level

# Increase in the Cost per Year
Yearly Demands = 3 20.1 30,6 9.8
Reorder Cost 6.7 1.3 o
Unit Value 9.1 2,1 0
Shortage Cost L 2.4 2.6 9,8

Poisson Dist. 25,4 1.4 0

% Increase Over Exact
Formula 5 4.9 36.6

Note: d =10 The correct distribution is a negative
r= 5 binomial distribution with a mean of 10
S =50 and a variance of 40.

50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9
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Table 17. Sensitivity Table (Using a Five Year
Program and a Correct Yearly Demand of 10

4 Day Pipeline

‘The Correct The Solution of the Approximation Formulas
Input Data using Correct Input Data.

Unit Value = v $ .30 $ 4.80 $300,00

Cost Per Year $ 3,06 $14.72 $ 95.00

Iopet Data e Roerage. Stock oved,
& Increase in the Cost, per Year
Yearly Demends = 2d 24.8 13.4 - 1.8
Reorder Cost = 2r 9.5 - 2,6 - 1.8
Unit Value =4v 10.1 - 1.0 - 1.8

shortage Cost 2s 2.3 4.3 0

i D i use
Inpat Data T eceass in the T o Seock Tovels
4 Increase in the Cost per Year
Yearly Demands 1.1 23.2
Reorder Cost 7.5 12,8
Unit Value 1.4 23.2
Shortage Cost 1.3 3.8

Poisson Dist. 6.2 [¢]

% Increase Over
Exact Formula o3 10.1 1.8

Note: d =10 The Correct Distribution is a negative binomial
r 5 distribution with a mean of 10 and a variance
s = 50 of 40.
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Table 18. Sensitivity Table (Using a Five- Table 19. Sensitivity Table (Using a Five- ~101-~
Year Program and a Correcl Yearly Demand of 84) Year Program and a Correct Yearly Demand of 84)

30 Day Pipeline y I, Day Pipeline

The Correct The Solution of the Approximation Equations i a ximation Equations
i The Correct The Solution of the Appro on Equ
Input Data using Correct Input Data. k¢ Input Data Using Correct Input Data.

Unit Value = v $ .30 $ 4.80 $ 150,00 | Unit Value = v s .30 & 14,80 $150,00

Cost per Year 10,56 The35 1235.65 -_‘ Cost Per Year 8,75 7.7 518,40

Erroneous The Solution with Input Errors Which Cause i Which C
e The Solution with Input Errors Which Cause
Input Data an Increase in (}he Average Stock Level. 5 IEprf,zm;‘;:a an TIncrease in the Average Stock Level,
% Increase in the cost per Year i & Increase in the Cost per Year

Yearly Demand 15,1 19.8 34,7 Yearly Demand = 7.0 8.5 12,5

Reorder Cost 2.7 .7 - 7.7 -10.0

3 Reorder Cost = 3.7 2
onit Vatue ' 23 9 -3 i Unit Value b Ll 1.2 - 7.0

Shortage Cost o7 2.3 b3 Shortage Cost = .5 1.7 T3

e, gl ity e B T syt B B, e
% Increase in the Cost per Year P % Increase in the Cost per Year
Yearly Demand 47,9 78.0 47,1 . Yearly Demand = } 17.5 25.8 49.8
Reorder Cost 3 2.7 5.5 k3 Reorder Cost = 6.1 7.3 Toh
Unit Value 6.5 9.2 8.6 | Unit Value T 1.2 3.4
Shortage Cost = ; .9 2.4 (%3 i Shortage Cost = 3 1.5 1.0 9.0

Poisson Dist. 63,1 15.0 ! Poisson Dist. 49,9 38.0 9.0

% Increase Over 3
- : Over
Ixact Formula 1.0 13.7 4 %E;:Eanzze;zfmuia .1 7 1.2

Note: d = 84 Tt\e Correct distribution is negative binomial ) Note: d = 84 The Correct distribution is negative binomial
r 58 with a mean of 84 and a variance of 336, : ) r 5 with a mean of 84 and a variance of 336,
s i
s =50
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. Description of Data f b 5
B eoer: 7 Demand, however, is one of the most difficult parameters to estimate.

The significance of sensitivity will be discussed further in con- ’ - Errors of many hundred percent are not uncommon. Early in a program, at
nection with the individual kinds of data. The data will be taken up in the time of initial provisioning, for example, accurate prediction is im-

the order indicated in the enumeration on Page 95. possible. As the program develops every effort should be made to improve

the accuracy of the estimates from experience. This is undoubtedly one of

. i P; m Information )
1. Identifying and Progra the major payoffs to be gained from an integrated data processing system.

b d other descriptive information
Unit cost, sbock muber, nioun end other descrip ! As was discussed earlier (Chapter IV), early in a program the depot

; ; i if
applicability and program information for each item are all necessary should not be stocked up to its full Stock Oontrol Level. In this way

the proposed policies are to be implemented fully. Cost, program and it is possible to hedge against over-stocking the system. The idea is

identifying information are required for any reasonable policies. Applicability to bring in depst stocks only up to the Reorder Point (with exceptions

and program information are desirable both to improve the demand estimation discussed above), and when additional information about the actual demand

N N e " " " i .
and, in particular, to make the "final order" and other "dynamic computations for the part is available to bring the rest of the depot stocks into the

i i that it i
The policies can be used without these data, but to the extent that i s system or to reduce the planned stockage for bases coming in later. Unless

i i lici b d more effectively.
practical to get the information the policies can be use ¢ eiie v demand data are accumulated, properly identified to exclude one-time demands

icability information is not systematically available on all items . .
Applicability informa S ys 4 and other peculiarities and made available to the appropriate manager early

now, but in connection with other efforts to continue improving the supply . . L. . .
in the program, this way of economizing on initial provisioning cannot
system it is being gathered and disseminated increasingly. The other kinds .
be exploited.

f information are currently available in usable form. .
of in: Y At the base level, at present, it is possible to get information on

2. Demand Data the recent issues, and, using this plus class knowledge and knowledge

Any system of inventory management is based upon some kind of pre- of program changes, usable estimates of future demands can be made. However,

diction of demand. Tables 16-19 show that errors in the estimation of these, too, are crude as is indicated by the fact that typically a very large

demand can be very costly, especially if demand is underestimated. In the proportion of the demands upon base supply are for items which are not stocked

1
examples, estimating demand at half its true rate would result in at that base.

inventory costs of up to 78 percent greater than they should be. Conse-

) A substantial amount of research has been undertaken at RAND dealing
with the nature of demand, B. Brown, Characteristics of Demand of Aircraft
Spare Parts, The RAND Corporation Report R-292, July 1956; T. Goldman,
Relationships Between Program Elements and System Demand for Airframe Spare
Parts, The RAND Corporation Research Memorandum RNM-1858, 24 January 1957;

T. Goldman, A Priori Demand Prediction - A Case Study of B-52 Airframe Parts,
The RAND Corporation Research Memorandum Ri-2088, 10 January 1958,

quentiy, it is worthwhile to expend considerable effort in making as good

estimates of demand as possible.
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An error in the mean demand rate changes both the Order Quantity and
the Reorder Point and changes them in the same direction, The sensitivity
of these levels to the demand rate is greatest for high-cost, high~demand
items and least forllow-goat, low-demand items, Good estimates of the
demand are more easily made for high-demand items than for low-demand items.
In implementing the proposed policies, therefore, data should be gathered
more carefully and in greater detail for the higher-cost items than for the
lower-cost items, A practice of analyzing demand (and re-computing levels
if necessary) each time the stock-on~hand-or-due-in falls to within one unit
of the Reorder Point would automatically accomplish this objective; under
the proposed policies, the average number of orders a year is nearly propor=-
tional to the square root of the dollar value of annual consumption, For
example, if $200 worth of an item is consumed annually at a base, the base
will reorder twice a year; if $800 worth is consumed, the base will reorder
four times a year, Thus, given the demand rate, the higher the unit cost,
the more often would levels be revised, An alternative is to compute demand
and levels whenever demands exceed or fall short of expectations by more

than some predetermined amount.

50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9
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Since probability considerations influence the Reorder Point, the type

of demand distribution which exists for an item is important., Very few
items have sufficiently high~demand rates to permit a reliable estimate of
demand distribution to be made on an individual item basis. Probably the
best way to estimate demand distributions is to study the relatively high~
demand items in a particular property class or functional group and to find
the kind of demand distribution which fits the data best, In this way it
may be possible to find probability distributions applicable to large groups
of parts,

Notice that in Table 17 the use of the Poisson distribution, if the true
distribution were negative binomial with a variance equal to four times the
mean, would introduce only moderate errors except in the lowest price ranges.
For the higher demand rate shown in Table 19 the cost is far more sensitive
to error in selecting the probability distribution., The greater sensitivity
in the case of the high~demand parts is at least partially offset by the fact
that it is easier to get a good estimate of demand characteristics for high-
than for low-demand parts.

3. Pipeline Time

Both the current and proposed systems require pipeline times; they are
nearly as important as demand data in setting Reorder Points which are based
on the average demand per pipeline time. The variance in pipeline time is
also needed to specify the probability distribution of demands per pipeline
time, but computationally this variance can be incorporated into the demand
variance, and the comments above on demand variance apply equally to pipe-
1line yvariance,

For the depot the relevant pipeline time is, of course, the contractor-

depot pipeline time including both Air Force and manufacturer administrative
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leadtime, materials purchase, fabrication, assembly and set-up cost as appro-
priate, and the transportation, communication and similar times.

Data on pipeline times should be relatively easy to collect.

4. and 5. Holding Costs and Keeping Costs

Holding cost is the sum of the physical holding cost, engineering obso-
lescence and a capital charge. Keeping cost also includes these same
elements. An error in any of these elements will have exactly the same
effect as an error of the same proportion in unit cost.l The physical
holding cost consists of the cost of storing the item in a warehouse, main-
taining its static records, inventorying and inspecting it and complying
with the non-engineering technical orders pertaining to it. These elements
of holding cost should not be particularly difficult to ascertain with
satisfaciory accuracy.

Engineering obsolescence 1s the expected cost that will be incurred per
year in modifying the item. Statistical estimates of this cost are possible
with little difficulty.

The capital charge is another matter. It includes the interest rate
but is really the opportunity cost of capital, that is, a measure of the
value lost to the Air Force by not spending the price of the item in ques-
tion in some other way. This is a difficult concept theoretically and fur-
ther research on it will be needed before completely satisfactory estimates
can be obtained.

Since the holding cost is really an expression of the value of money to

the Air Force, it is one of the elements in the equations which can be mani~

pulated to apply certain kinds of policy constraints systematically through-

e —

1
in theH%glc];és}.wlding cost and keeping cost errors are not shown separately
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out the system, For example, in the event that the budget available at some
particular time should not permit stocking the system up to the levels called

for by these policies and that it should, tly, be ry to re=-

duce stockage, it is not easy to see how one might best do so. By raising
the capital charge, Stock Control Levels and Q and R would be reduced system-
atically in a manner which should cause minimum disruption. Such a step
would be less disruptive than an arbitrary decision to reduce all stocks by
some specified percent for example,

Keeping cost includes holding cost and also depends on the length of
time the item will be kept at the base or depot respectively, and on the net
salvage price at the end of the base or system program, An error in either
of the last two factors will cause an error of the opposite sign in keeping
cost per unit, For example, if a program is expected to last for four years
but it lasts for five, the keeping cost will be somevhat larger and the Re-
order Point somewhat lower than they should be.

Errors in holding costs affect the Order Quantity, and through keeping
cost, the Reorder Point, For most items, errors in the obsolescence charge
in the keeping cost have only moderate effect on the Reorder Point and none
on the Order Quantity. Hence, system performance is less adversely affected
by an error in holding or keeping cost than by one in demand rate or pipeline
time,

6. Reorder Costs

Reorder costs determine the frequency with which items are to be ordered
and have less effect on Reorder‘Points than do the other factors discussed mo
far; but they affect the Order Quantity and the total cost significantly, up

to 13 ¢ in one case in Table 17,
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The costs to be taken into account are all those costs which are incurred

whenever a reorder takes place, but which are independent of the size of the

reorder, For dopot-base resupply they include the paperwork costs at base and

depot; the costs of stockpicking, handling, packing and shipping the minimum

order (one unit, one unit pack, etc,) at depot; the corresponding costs of
receiving, handling and warehousing at basej communications and accounting
costs, For the procurcment reorder cost, the relevant costs are, again, those
incurred whenever a reorder is placed regardless of the size of the order.
They include the Air Force and contractor administrative costs, depot receiv-
ing, handling, etc, - or in the event of a direct shipment to base, the cor=-
responding base cost - manufacturer's set-up cost if the item is not in pro-
duction, and the cost of packing and shipping the minimum order. These should

be relatively easy to estimate and because of their limited effect on total

cost the effort required to determine them adequately should not be very great,

7., Shortage Cost

The shortage cost is the most difficult of the parameters to estimate,
Fortunately, system performance, as measured by cost, is fairly insensitive
even to errors as large as those shown in Tables 16 - 19, Given the insen-
sitivity of total costs to the shortage cost and the difficulty in obtaining
accurate estimates, perhaps a desirable goal might be to find shortage costs
within a factor of two or three, e, g., an estimate of $1,000 might be sat—
isfactory so long as the true shortage cost lay between $500 and $2,000.

As mentioned above, the fact that a shortage cost must be taken into
account does not imply that one need estimate the cost of losing a war or of
not having a critical weapon available in the critical phase of the war or
anything of the sort. It implies that it is reasonable to get some estimate

of the average cost of overcoming & shortage, The concept is very similar
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to the concept of having a specified level of confidence that a demand will,
in fact, be met,

One can look at the shortage cost in any one of three ways, First, it
can be thought of, as a minimum, as the average cost of the supply and other
work needed to overcome a shortage if one occurs, At the base these costs
would consist of the cost of searching for the item in maintenance, receiving
and elsewhere on the base, the extra cost of premium communication to and
transportation from the depot and perhaps most important, the cost of dis-
rupting routine activities, This would provide a minimum estimate of the
shortage cost, but in spite of expedited action there is some risk that a
weapon would be out of commission because of some part shortages, The short-
age cost, therefore; should be greater than the costs of the expediting
action, One can think of an upper limit to the shortage cost in the follow-
ing way. In the worst case if an item is short, a missile (or aireraft) will
be MOCP (or AOCP). (In some cases a maintenance facility could be idled.)
Obviously, one way to avoid the consequences of such a shortage is to pro-
vide the operational unit with an additional weapon to stand-in for the one
out of commission. The maximum cost of an expected part shortage would be
the cost of providing stand-by weapons as a means of overcoming the:effect
of a shortage. Of course, providing a component or a black box rather than
a stand-by weapon might be a considerably less costly way of overcoming a
shortage of most parts. In such cases the cost of keeping on hand the next
higher assembly would constitute the shortage penalty for the item in
question,

The purpose of the above paragraphs is not to indicate how to estimate

the shortage cost but only to show that it is not an impoesible concept,
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Further research is under way at RAND and in AMC to get usable estimates of ~111-

shortage cost,

" : _n 5g *
There is a third way of looking at shortage costs; It can be considered SHORTAGE COSTS IMPLIED BY "67-1" POLICIES

not as an objective cost, but as a device whereby a policy decision can be

. ay Pipeld
introduced systematically throughout the system or in a part of it, the b (3)2;:‘;\7 Pipelino

Quantity Shortage Cost

policy decision being to increase or decrease the risk of a shortage, A

decision to decrease the chances of shortages throughout the system, for : s .10 $ 0,03 - $ 0.56

example, could, if funds were available, be affected by computing stock ; 5,00 1.31 - 27.81
levels with an increased shortage cost. Similarly, greater protection for 2 250,00 65,62 -1,390,62

high-precedence units than for low-precedence ones could be assured by using 10 10 .03 - .06

differential shortage costs in computing their levels, 10 1.70 3.07

Since the shortage cost is not a well-understood concept, let us look 4 10 28,31 - 51,21

at it another way. The establishment of an inventory at all implies that - .
‘ 103 1/3 .10 <Ok 05

103 1/3 5,00
250,00 38.36 - L6148

there is some shortage cost, From the level of that inventory, one may est= 2,22 - 2,69

imate ‘the implicit shortage cost.l Table 3, showing stock levels, was de-

103 1/3

rived by assuming that demands during a routine pipeline time had negative

binomial distributions with variance four times the mean, 20 percent-per= % Note: The parameter values are the same as those used

» t,
annum holding costs, and a five-year program (35 percent keeping costs.) in Table 3, except for the shortage costs

Given the same parameters, the "67-1" policies imply the shortage costs
shown ir;. Table 20, The implied shortage costs vary from three cents to over
$1,300, What is important about Table 20 is not the absolute levels of the Table 20
implicit shortage costs, which depend on the demand distribution used and
on the holding-cost rate, but rather the ratio of the shortage cost for the
price on the one hand and the relationship of the shortage cost to the demand

rate on the other, With a 30-day pipeline time the implied shortage cost is

1 An implicit shortage cost is the shortage cost which must prevail if
the levels are correct,
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nearly 30 times as great for a 250-dollar item when the annual demand is

1-1/3 as when that rate is 103-1/3. There is no reason to assume that a

single shortage is that much more important for a high-demand item than for

a low-demand one.

An inventory system which sets the Reorder Point without considering
unit cost has the implicit assumption that shortage cost is proportionate
to price, that is, a shortage of a 5-dollar item is treated as being 50
times as serious as the shortage of a 10-cent item, and the shortage of a
250-dollar item is treated as about 25 times as serious as the shortage of
a 10-dollar item and 5 times as serious as the shortage of a 50-dollar item,
if all three items are stocked. It may well be true that shortages of
higher-cost items are more serious than shortages of low-cost items, but

the implication that shortage cost is proportional to price appears to be

altogether unreasonable.
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VI. CONCLUSION

This Memorandum has described a simple and practical method for de-
termining base and depot stock levels in the face of the dynamic and un-
certain environment with which the Air Force supply system has to deal.
The method takes account of the major variables which must be considered
to achieve economical and effective provisioning and distribution under
such circumstances.

The logic of the basic method is straightforward. The factors which
determine the costs and effectiveness of the supply system are identified
and the manner in which they affect cost —— after converting effectiveness
into a cost-equivalent through the use of the shortage cost concept -~ has
been spelled out mathematically. This statement, equation (I.1) of Ap-
perdix I, is the keystone of the whole discussion. It has been Msolved"
to show those values of the Order Quantity and Reorder Point which would
provide the minimum system coste The least cost solution for the Reorder
Point is equation (2). Equation (1) for the Order Quantity is an approxi-
mation of the rigorous solution in the Appendix (I.5).

The least cost statements which are the subject matter of Chapter II
and of the first Section of Chapter IV provide rules for provisioning and
distribution where dynamic elements are not of major significance. In
depot stockage and where the remaining life of the program at base is short
the dynamic elements must be taken into consideration. At the base this
means that the approaching termination of the program mist be taken into
account in determining the Reorder Point through the gradual increase in
the keeping cost. This is incorporated in equation (2). For the Order

Quantity, adjustments in the equation are required; the expected costs

CIA-RDP81-01043R002300090004-9
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of holding additional operating stocks must be balanced against the expected
cost of incurring an additional reorder near the end of the program. This
is the subject of Chapter III.

Depot stockage is dominated by its dynamic aspectse Early in a weap-
onts 1ife the depot can take advantage of the fact that most of the items
in base supply will be stocked adequately for relatively long periods and
the depot need not stock up to its Stock Control Level until it, in fact,
faces demands from the bases. Such a practice would allow the depot stocks
to be kept reasonably small and would reduce the risk of gross overprocure-
ment because of seriocus overestimation of the demand rate.

Depot stockage also must reflect the fact that the costs and lead time
involved in procuring items increase markedly when the item goes out of
production. This and the problem of phasing-out the weapon from the system
as a whole are taken into account through a terminal buy computation.

The corrections for the dynamic aspects of the problem are not rigor-
ously correct; but they do take account of the major factors in the problem,
they are reasonably simple to implement and they do not have excessive data
requirements. Further they provide close approximations to more elaborate
dynamic programming computations which have been developed at RAND.

Consequently the proposed policies appear logically sound; but without
actually implementing them, there is no certainty as to how well they will
really operate. Some effort has been made to get an empirical evaluation
of the policies. The simple comparison in Chapter II with the rigid appli-
cation of M"67-1" policies, indicates that the proposed policies promise
However, since the policies in 67-1 are in fact

considerable improvement.

applied with a good deal of judgment and since those policies have been
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changed in recent months, that comparison is not particularly important.
Further, it covers only the impact of applying the proposed policies at bases
A mich more meaningful comparison has been made in the Logistics
Systems Laboratory Project I (LP-1). The full details of that experiment
will be developed in other publications. However, because of the fact that
it provided a far superior semi-empirical appraisal of these policles than
is available in any other way, some major features of the experiment and

some relevant results are summarized here.

The proposed policies were a part of a proposed Logistics System

called the M1960 System" which also incorporated deferred provisioning and
data processing innovations. That system was compared over the simlated
1ife of a weapon with the 1956 System". The latter system was developed
by Alir Force personnel, who were members of the Laboratory staff, to re-
present current best practice in the Air Force. Thus the proposed policies
were compared not with the rigid application of the manuals but with a
serious approximation of current Air Force practice.

The LP-1 comparison" had the further advantage of being a system com-
parison, Bases, parts repair depots, IRAN facilities and storage sites
were all stocked in accordance with the policies of the twe systems.
Maintenance and operational activities were controlled in such a way that
the comparisons between the supply systems would not be vitiated by off-
setting adjustments in those areas. Both logistics systems were further
constrained to stand ready to "fight" a war at a.ny time during the program.

In short, every effort was made to make the comparison scientifically sound

and operationally significant.
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The general results of the comparison are shown in the following charts. L .

Figure 11 compares some measures of the costs of the two systems. The

1956"

I:] Proposed

system in-and-out movements provide some measure of the routine supply
workload and the priority requisitions, of the expediting workload of the
two sets of policies. The proposed Category II and III policies were only
39 and 25 per cent respectively as costly as the 1956 policiess The
investment in parts was negligible (less than 1 per cent) greater with the
proposed than with the M1956" policies, This is true in spite of the fact
that under the proposed policies considerably more, especially of the cheap
parts were stocked at the base level,

Figure 12 provides the more important comparison of the policies, on
the basis of their supply effectiveness, The "M1956" policies resulted in
2,6 times as many Category II and III AOCP-days as did the proposed policies
they showed 15 per cent more ANFE's and more than double the number of . -
stockout days of the proposed system.

These results do not provide any final "proof" of the superiority of
the proposed policies, and certainly they do not prove that these are the

best of all possible policies. They are, however, evidence that the

policies are superior to present policies.

There is a zreat deal of interest at all levels in the Air Force in N~ ~—~
64,878 25,206 10,425 2,449 2,192 2,227
implementi. 1icd h th W ith Head b
plementing po es such as these Tork is underwey w cadquarbers Total system in-and-out Priority requisitions Cost of spares purchased
AMC and Headquarters USAF on such implementation. In the process of movements (thousands of doliars)
development and implementation in the real environment, a great deal more j Fig.Il —Supply cost implications of proposed versus "1956" policies
will be learned, Modificationsand perhaps further simplifications of the o ' LP-1 experience for categories I and IlT (fourteen quarters)

decision rules will suggest themselves.
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To summarize, the research underlying this Memorandum leads to the
following conclusions:

A. Stockage rules should consider:
"1956"

’:’ Proposed

1. Expected mean demand for each item,
2. Variability of demand,

3+ Unit value,

Le Cost of incurring a reorder,

5, Cost of holding the Operating Stocks,

6. Cost of expected terminal obsolescence (termination
of the program being supported),

7. Expected shortage cost,
8., Resupply and procurement pipeline times.

B. The dynamics of weapon-system or other program phase-in or phase-

out can be taken into account effectively by

- - 1. Limited depot stockage during the early part of a
program, subscquently stocking the depot to its
full Stock Control Levelj;

2. Gathering and analyzing consumption data intensively
early in the phase-in and reacting to that information}

3, Using e "finol buy" calculation during the later
stoges of the program and for some of the leost costly
low-demend items early in the program; and

L. Using a "terminal buy" celculation at the time when
an item is expected to go out of production.

4866 1853 1502 1275 7,936 3,513
C. With an integrated data processing system, these results can be
AOCP - Days ANFE - Days Stock out days |
. . . . . 1y achieved by using thi bi developed in th thematical
Fig.l2—Supply effectiveness implications lergely achie Y using the equations eloped in The ma
of proposed versus "1956"policies | appendix, With a manual data processing system and local determination

LP-I experience for categories Tand II (fourteen quarters) c of levels, tables based upon the formulas can be used by clerical personnel

. to set the appropriate levels.
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D. The Mr Force can increase supply effectiveness, decrease personnel
pressures in supply and achieve dollar economies by adopting the policies
described and proposed in this Memorandume

E. Because the proposed policies permit reduced management per line
item, their use should free management to manage the more costly and
critical items better, or, alternatively, it might permit reducing somewhat
bage-level manning where — as in hardened-missile installations - there
is a premium on personnel spaces

F. Further research is needed at RAND to extend the scope of the study,
and further developmental studies are required, particularly in the Air
Force, to derive adequate estimates of cost and other parameters.

G, The rapid development of an integrated data processing system

will improve the application of these as well as other supply policies.

T —

|
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Appendix I
MATHEMATICAL APPENDIX

In Section A of this Appendix the base cost equation for a stable
program is stated. From it, the Order Quantity equation and its approxi-
mation are derived and the Reorder Point equation is derived: Sections
B and Co Section D is a short statement of the derivation of the holding
cost, and Section E derives and explains the final Order Quantity

calculation,
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B, Economical Base Order Quantity

A. Fundamental Base Cost Equation with a Stable Program To find the particular Q associated with minimum cost,

given R, set
Let i

| dc/3aQ =0
R = Reorder level for an item; n ( )
. hv  d(r+sZp
Q = Order quantity; 1.2) dc/aQ P alaarT 2
c(R,Q) = Annual variable cost of operating with a
. _hv  d(r+szg)
particular R and Q; 1.3) 0 - "
d = Average annual demand rate;
2d(r+sZ|
v = Unit price; I.4) Q2 - _(lTR—)
h = Annual unit holding cost as a fraction of
‘ unit price; 1.5) Q= 2d(r+sZg)
| k = Annual unit keeping cost as a fraction of g
H unit price;
i If R is chosen so that Zp™ 0, I.5 becomes
| r = Reorder cost;
i
i
N A s = Unit shortage cost; . 1.6) Qw /2dr .
1 o) hv
| 2y -2 (X-R)P(X) = Expected number of shortages
N ! X=R+1 per order placed if the reorder
[ level is R, where The expected annual number of orders,
P(X) = probability of exactly X demands a
i during a routine pipeline time, 1.7) 4 a7
| [ 2dr
; Then, to a first approximation, hv
i ) v
= hy (981 dr , ds 1.8) 4. fdnv
1.1) ¢(R,Q) hv( 5= + kR + g ZRe Q o .

. :-L/Sea AFM 67-10, p. 149.

|
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This solution (I.8) assumes that C(R,Q) is a continuous
function. However, fractional shipments are impossible; there- hv-2¢€! - d(ruZR) -0
2 R
fore, different equations must be used.

Subtract 1.1 from Q=-1+ /1 . 2d(r+sZg) Sel4 /l . 2d(r6szn) .
2 hv-2¢€! 2 L “hy

v

o(R,Q-1) = % R > %I * gfl R Hence:

which yields -1 W< <l m
2 VL TR VL —mw—

¢(R,Q-1) - c(R,Q) = - g‘_' + d(r+s2g) (Q%I _ % ) -

Therefore, take

Define Q- /l + 2d(r+szg)
hy + 4(r+eZg) . I T

T Tam

For the vast majority of Cost Category II and III items,
If R is the lowest cost Reorder Level

sZp >0 , but

8Zp << 1.

d(r+sZg)
2e +hv _ R/ =0
=5 __2_Q ) Therefore,

d:
d(r+sZg) . o Q= /1+ év_l‘

2¢€ +hv

closely approximates (I.19) for these items.
Q -

+

, 2d(r+szg)

1
2 hv

L+ X 1
4 L
Similarly,

¢(R,Q) - c(R,Q+1) = - }21_v - d(:jga) -
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C. Economic Base Reorder Level
Subtract (I.1) from

+1
e(R-1,Q) = hv (gz—) vrv(pd) o §F 4 S

o(R-1,) - o(RQ,) =~ kv + $2zpy _zg)
but

Zpa= %;,R (X-R+1)P(X) = P(R) + 2P(R+1) + 3P(R+2) + ... .

©
Z, = ~R - +1) + +. +3)+
R 2;‘R+1 (x-R)P(xX) P(R+1) + 2P(R+2) + 3P(R+3)+..

Therefore,

@®
ZR1 - Zp = P(R) + P(R+1) + P(R+2) + . . o = 2 P(X) .
X=R

Let
@®
Pp =2 P(X).
X=R
If Q is the minimum cost Order Quantity

e(R-1,Q) - ¢(R,Q) = - kv + % PR >0
and

kg
PR>sd

@ 50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9

Similarly,
dsP
c(R,Q) - c(R+1,Q) = - kv + gFRs1 < O
k
Pra< 3l -
Hence,

Pa>% >Ppa

3d d
grR> V>,
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D. Determination of the Holding Cost Rate and Keeping Cost Rate

If w, is the probability that an item will become obsolete
within the next year because of engineering changes, b is the
physical storage cost rate and i is the interest rate, then

h=41+b+ LA

If w, is small and the item will have zero salvage value,

and if n is the length of time (in years) remaining in the

base's program, then

i
kebe

If the item has an expected salvage value of Vg, then

1
k:h+il’£+1-§<__) .
v v -in
1-e

Approved for Release @ 50-Yr 2013/10/25 : CIA-RDP81-01043R002300090004-9

1.29)

1.30)

Similarly,
dsp
c(R,Q) - c(R¥1,Q) = - kv + F-TR}1 < O

k .
Ppa < 9

P>8 > ppy

sd d
Q> >8R,
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D. Determination of the Holding Cost Rate and Keeping Cost Rate

If w, is the probability that an item will become obsolete
within the next year because of engineering changes, b is the

physical storage cost rate and i is the interest rate, then

1.32) h=i+b+w .
If w, is small and the item will have zero salvage value,
and if n is the length of time (in years) remaining in the

base's program, then

i
1.33) k-b+’i::ﬁ.

If the item has an expected salvage value of Vgs then

1.34) PRI SUR Y .
v v l—e-i"

1.35)

E.
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Adjusting Q for Short Programs
As discussed in the text it is desirable under some
conditions to compute Q taking account of the pending
termination of the program which the part in question
supports. While there is no rigorously defensible cut
off value of Q beyond which the "final" order calculation
should be made, an examination of arithmetic examples

indicates that whenever

Q= %‘nd ’
where n is the time in years to the end of the program,it
is cheaper to make one more shipment than to make two.
Where Q is large relative to nd equation (1) does not
accurately estimate the savings in the reorder cost from
increasing the order quantity incrementally.
Two examples serve to illustrate the point:
In both cases, assume that the base has a five-year
program during which it will use the item and that
the item has a negative binomial demand probability

distribution with variance four times the mean.

I. Expected annual demand = 10 units;
Expected total demand = 50 units,

With the "long-program" assumption of Section II, the
average number of orders placed during a five-year
period is reduced by 0.13158, i.e., 50/19 - 50/20, if
the order quantity is 20 units instead of 19 units.

Actually, the expected number of orders is reduced by
0.,13311, i.e.,

® ®
> P(193) - ¥ P(204)
3=0 J=0
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The long-program assumption underestimates the saving

in the number of orders, and therefore understates the
savings in reorder costs which can be expected by making
the order quantity 20, instead of 19. The error in the
expected number of orders, however, is 0,13311 - 0.13158 =
0,00153 which is only 1.15 per cent of expected savings.
Errors of this magnitude will have very little effect

on base stock levels.

II. Expected annual demand = 1-1/3 units;
Expected total demand = 6-2/3 units.

The long-program assumption implies a reduction in the
number of orders of 0.01754 if 20 is the order quantity
instead of 19.

The actual reduction, however, is only 0.00694. The:
saving in reorders per item is overestimated by 0.01060,
or 151 per cent, which is large enough to cause sub-
stantial overstockage.

Furthermore, in Case I, the probability that the item will
be ordered at least once more (after this order) is 0,996 or
0.997, so the assumption that the item will be ordered at least
once more is a good one. In Case II, however, the probability
that the item will be ordered at least once more is only
0.026 or 0.032; and, hence, our second assumption is very
bad in Case II.

Thus, a different method of computing the order quantity is
needed when the order quantity found from equation (1) is nearly
as large as or larger than the total expected demand at the
base over the remainder of the program.

To determine the final Order Quantity, QF' assume:

1. That, if a reorder is saved by shipping the

additional unit, it is saved at the very end

of the program; and

1.36)

1.37)

1.38)

RU-1962
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2. That the additional unit is certain to be
stored at the base until the end of the
program.

The total expected savings from adding a unit to a current
shipment are the discounted cost of a shipment of one unit at
the end of the base's program, multiplied by the probability
that the unit will save a reorder, The total costs of shipping
the unit now are unit cost plus the discounted cost of storage.

If the expected sa..v'ings from shipping an extra unit now are
greater than the expected costs, the unit should be shipped.
If savings are less than costs, the unit should not be shipped.

This statement is summarized by

r'Pypg > h' > r'Pyp

vhere Qp = the economical "final" order quantity,

r* = the discounted cost of a shipment of one unit
at the end of the program;

ht! = the discounted cost of holding one unit from
now until the end of the program;

P. = probability of Qp or m
F ore demands from now
R until the end of the program.

and
rt o= (rev)eil

Also, if the salvage price is zero,

ne = v/ 2a-ey
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Appendix II
SAMPLE BASE TABLES

This Appendix consists of six base tables reflecting different pipeline
times and shortage costs, but otherwise based on the same assumptions as
Table 3 in the text. By comparing them the reader can get a detailed im-
pression of the effect of differences in these values over the whole array
of prices and demand rates, Of course, only the Reorder Point is affected
by shortage cost and pipeline time in the approximations upon which these
tables are based. Consequently, tables of just Reorder Points rather than

tables including the Order Quantity would have been adequate for just this

purpose. It was deemed better to show the full tables to permit other com-
parisons and to show how the relationship between R and Q is affected by
different values of the shortage cost and pipeline time.

Comparisons of the effect of differences in the values of the other
parameters (other than the frequency distribution and the variance) can be
made visually., Thus, using any one table, the effect of different values
of d and v can be readily determined by comparing rows or columns. The
effect of differences in h and k can be made in the same way, since price

is multiplied by h and v. Thus, doubling h has exactly the same effect

upon Q as does doubling v. Similarly, a change in k (with h constant) has

the same effect upon R as does a change of the same proportion in ve Changes
in h have a more complex effect upon R and cannot be read easily from the
tables.

Lastly, the Order Quantity increases as the square root of the reorder
cost. So the effect of differences in the Reorder Point can be determined
by inspection. The effect of changes in r upon R are indirect and, over

most of the cells in any of the tables, small.
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Appendix III

The following tables show the relationship between stock-1ist price
and numbers of units issued for B-47 and F-86H spare parts.

The data are classified according to the cells of Table 3, with number
of units issued converted to annual rates.

The B-47 data were obtained at March and McDill Air Force Bases during

1953 and 1954. They represent approximately 18 base months! experience.

The F-86H data were obtained from Clovis Alr Force Base during 1956
and represent about six base months! experience.

In both cases, items with no issues, on which prices were not available,
or which had units of issue other than "each" (e.g., pounds, feet) were

excluded.
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